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Introduction 


Smoking harms many aspects of reproduction. 
An estimated 6 million women become pregnant each 
year in the United States, and more than 11,000 give 
birth each day (Ventura etal, 2000, Martin et at. 2002 ). 
5tudlea have shown thaL women who smoke ans at an 
increased risk for a delay in becoming pregnant ami 
for both primary and secondary Infertility. Research 
has also shown that women who smoke during preg¬ 
nancy risk complications, premature birth, low birth 
weight (LBW) infants, stillbirth, and infant mortality. 
LBW is a leading cause of infant deaths, numbering 
more than 300.000 deaths annually In the United States 
(Martinet al. 2002). Despite increased knowledge of 


the adverse health effects of smoking during preg¬ 
nancy, only IS to 25 percent of women quit smoking 
once they become pregnant. Data also suggest that a 
substantial number of pregnant women and girls con¬ 
tinue Lu smoke (esLi males range from 12 to Z Z percent) 
(U.S. Department of Health and Human Services 
(USDH1ISJ 2001). This chapter reviews the evidence 
lor a relationship between smoking and adverse re¬ 
productive effects. In particular, it examines tire asso 
ciations between smoking and fertility, smoking and 
pregnancy complications, and the health of children 
bom to smokers. 


Conclusions of Previous Surgeon General's Reports 


Numerous previous reports of the Surgeon Gen¬ 
et al uu smoking and health have examined the effects 
of active smoking on the reproductive capabilities and 
outcomes for both men and women (Table 5.1). The 
1964 Surgeon General s report (U.S. Department of 
Health, Education, and Welfare [USDHEWl 1964) Iden¬ 
tified an association between smoking daring preg¬ 
nancy and LBW (Infants weighing *2.500 grams (g| at 
birth) that has been fur the r explored in subsequent 
reports. The 1969 Surgeon General's report (USDHEW 
1969) presented evidence on smoking during preg¬ 
nancy and preterm delivery (<37 weeks completed 
gestation), spontaneous abortion, stillbirths, and neo¬ 
natal mortality. The 1979 Surgeon General’s report 
(USDHBW 1978) introduced new findings concerning 

smoking and pregnancy complications including pla¬ 
cental abruption, placenta previa, and the premature 
rupture of membranes. The 1980 report on the health 
consequences of smoking for women (USDHHS 1980) 
extended previous findings on birth weight, retarded 
fetal growth, benefits of smuking cessation early in 
pregnancy, pregnancy complications, effects of smok¬ 
ing oil the placenta, and mortality including sudden 


InFant death syndrome (SIDS). This report also intro¬ 
duced new information on smoking risks and fertility, 
congenital malformations, and longer-term morbidity. 
The 1989 report (USDHHS 1989) evaluated new data 
and continued to find (1) a relations hip between ma¬ 
ternal smoking during pregnancy and lower birth 
weights, (2) higher rates of fetal and perinatal mortal¬ 
ity associated with maternal smoking during preg¬ 
nancy, (3) mixed findings un die relationship of ma¬ 
ternal smoking to congenital malformations. (4) a 
higher risk of infertility among women and possibly 
men related to smoking, and (5) conflicting findings 
with regard to maternal smoking and longer-term 
physical development in the infant and child- The 1990 
report on the health benefits of cessation (USDHHS 
1990) noted that LBW could be reduced by 26 to 42 
percent if smoking during pregnancy were eliminated. 
The 2001 report described findings on birth weight, 
infertility, ectopic pregnancy, spontaneous abortion, 
pregnancy complications, and SIDS (USDHHS 2001). 
That report also addressed smoking and breastfeeding, 
a topic not considered in this report. In prior reports, 
causal conclusions have been reached for a number of 
adverse reproductive outcomes (Table 5.1). 
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Surgeon General's Report 


Table 5.1 Conclusions from previous Surgeon General's reports concerning smoking as a cause of 
reproductive effects 

Disease and statement 

Surgeon General's 
report 

Low birth weight 


“Women who smoke cigarettes during pregnancy tend to have babies Df lower birth 
weight." (p. 39) 

1964 

".W.v <l;tls v pre.writed whith cv.'.Jirjn the (hidi-ng lltut n;,'it<'r;wl s,rr*.kiny during 

pregnancy l*» associated v.'itsi 1 m w birth weight m Infants . ." ip 5! 

. UJlif, ■ 

“Matei i i.il s iih« ill*. > li ii ii . ii t*w' i«e u v i-x-i i-. .1 i »'l.n ,.luiy, i lfli l-m c mi li-t.tl gi n*vlli ,r% 

manifi-^icd by d.-'crta.v-d Jnfanr hirer, weight jnd an increased bidder tee premjtu 
rltv. tiffined by’weight alone.’' (p. IT: 

|!JV1 

-.•\rin)ri>;u]i v.umcii 1 ir Him Uiiilti-.i Slxitet-. riquri ttcKxnokeru art nearly iwne as likely 

1 • ro deliver low birth woight infan's av are non suiokirrs." (p. 121) 

1973 

“A do” 1 1 1 sn»>J '. -r m- ,t .nxr. Jj»,■ i \l'-l . In-it-,evn Miu/rji i^» jjii! : In* ijiilrism** wJ Juw biriii 
weight, preterit i dell very, v-rliu’iml rmrtaliiy, .lhnipttn pl.xeriw 1 , placenta pcevid. 
bleeding during ciregiwnev. ?nd '*• ilong-vt and premature mni-.iie .1 ii e mem¬ 
branes ' Ip \‘) 

1T7K 

"There v-»ahuit<lum L>vnJeinv f iai rrtaicrn<il smoking Isa dlrcc* rausepfihc reduction 
in hirih wvlfj'r.i.. .F-iriii weight Is «iff**ccoxl hv mamnal smok ng Indcpcmlcmiy of 
. ijitu?i ijelrj mliiiiiiis i:f bli ill Hiu uiuiv die mill lie. miiuIlv IIk: Kretf.er tlic 

Iwhy s lili'lh-wclghi ruduruem." fp. 1 21} 

11)79 

‘Babif- “urn m womr wjm snnkt •: luringpregruiicv n.'v, on *:ic aw:age*. 20b i^ritns 
lighter tli:m h:thlvs 1v>m ■•-, -mnp:n alii* 'ImiSiTli ikil ly tv-'.rriAn ” 10} 

It 80 

'There is a dose rrsponw relal.: unship'between iru-iVmnl sum king iuicl reduced birth 
v.T-Jg'iT: rhe nirr the wrimui iiT»oS«** during prrgnw—cv. r'-;r •yrnter toe redin' 11 on lit 

birth weight.' <p. 101 1 

1980 

if a v »>man gi\ es up smoking oarlv during pregnancy. h:r risk ol del/,cring a low. - 

birth-v.vli.Jd h.i'v. .ip]iio.ir lies i'mI of .i imi im i'nikei " q, Ifll 

It 80 

' Wniuen wht: strip smoking bvfoir pregnancy or during rh: 1 tir.sl 3 n'j 1 months uf . 
pregnancy reduce •tlu-lr risk ol - living u ln-,% blnhwHk.hliil*y io thnt ol wonli-i who 
never smoked.“ (p. ij 

1H9U 

"Infants bom to women who smoke during pregnancy have a lower average birth 
weight than Infants bom to womn who do not smoke.” (p 307) 

2001 
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Table 5.1 Continued 


Disease and statement 

Surgeon General's 
report 

“Perinatal mortality increases significantly with smoking as well as with other risk 
factors such as maternal age. parity, socioeconomic status, previous pregnancy 
history, and hemoglobin level." Ip IT) 

1978 

'T r li'ik :if %pi>idaii'fi;us ahui'ioji. fi td! dr..itli. ax id neonatal death Indexes direrrly 
*i h iimeasing levels of iiMh nul snicking during pi-guarwy: inierjctin i of maiemil 
xniuking With ;'(In j f,j< Hus wl it 1 1 Inn imsk jjl-i iiutdl mortality inas'irsixll iiidil ever, 
gu-yl.-r thk." (:■. 1.1 , , 

1380 

‘Cigar-'fre semiring ».now rrm-rtifer-M io ne <j pm!)ii!:ir i.musi' of mr.urci *;s 
pregivn:i‘-; .’ (p M 

j yt'v 

“Woineji who jijmke it;Fi> h.ivr a modest lncnv!-,i* in risks fnr. spontaneous 
abortion.' (p. "JOY) t . 

' 2-X'l" 

Pregnancy complications 


"Maternal smoking increases the risk of fetal death through maternal complications 
such as abruptio placenta, placenta previa, antepartum hemorrhage, and prolonged 
rupture of membranes." {p. 1-22) 

1979 

".dieivoting levitls of maternal stroking i►-salt hi a Itlghly sicriiffcarr! inrrrasMn the 
nsk 'jI ahrnptJo plaieutae, placenta previa, bleedr.ig early or late in piogmncy. 
preri'iMUn.' and prolonged rupinnr'ol iw-mlitum-s. and preterm Ur-llvcry - dll o*'whlrn 
carrv high risk-, of pariuatul low* " (p II! 

! 9*0 

"The Incidence impsia is decreased among women who smoke during 

pregnancy; ho-- • ■ ireeclampsia develops In a smoking woman, the risk of 

perinatal mort i. rkedly Increased compared to preeclamptic nonsmokers.’ 

(p- 11) 

1980 

: rupic.i • : i - : i . i •• • i t i.- • ■ • .• 1 i * ,■ i i i . -. lit a iniKhl 

Inctvase fn risk for pivfnnii'ii-ilviiry." ,'}i #071 

2001 

“Wowm who air.uk ** during ptequanev have a rJeue.-iwd i i^k lor pie* I.Jiupsl.'.' 

Ip. 307: 

2001 

l>i^l (IkiIIli .<ml s!i!ll)irilic 


"Then -1 . • • i >■ i • ■ • ■ .-w Uiai smoking mothers have a Signifi¬ 
cant: !v - - *• . itdiiv.i.-r, dur. is sliJi birth and tcsuiii.i'.al dei-th 

l!J7l 

“A srmng. prooaoiy causal association Detween cigarette smoking and higher laic 

Fetal and Infant mortality among smokers' Infants is supported hy the. .evidence.'' 

(p. 134) 

1973 
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Table 5.1 Continued 


Disease and statement 

Surgeon General's 

report 

Small for gestational age 


.,maternal smoking is associated with an Increased incidence of prematurity 
defined by weight alone." (p. 5) 

1969 

”(>vwvvfi-lriii'iii tvj'.-eiicc ititlkjl-r- that :'i^tvni<il smoking dm c:ig pit-giLtm y nlfti Is 
fi-ral gmv.-lh i j'*.: . ." ij:. 1 il.l • 

1:179 

“Maternal m imsiii-' ,l,:ring pregnancy exerts a direct growth-retarding effect on the 
fetus; ■-'ii. vllivr d.-.i':» nr. 1 appear to be mediated by reduced maternal appetite, eating 

Orwplg'il .i,nn. B if) 1 Ii 

1980 

‘•“A!Uibug'-i them is lillle rffi'r.t nf miirprnel sm*king on » . . ■ n . • >e prop.'rtIon 

of fatal di<ni-> <miiI live binds ihar -x.cui liefon: u-jin : i i-- . .-.uli ni.neridl 

sui.iking le'.d. Unf<j 11 pcrci-nt of ull prrtfxnideliver 1 i - . i w* m.iy lx* 

Httrtliurahlecr-li'itrernul suinldng." . 

imi 

“Infant ho-n fn womwi wi:>» itnoku u<.uing pr'/gcium's . .an.- :'nu: l- fikv-iy to ji •.jii.ilf 
for gpM.-Uiufwl •xg'.- lit .hi Lie itilanli Ikmii Uj yvo.ikii who do n-.l -i;nuk-\’ Ip. 207) 

JiJjl 

. Infertility 


"‘J.vdirr. it) u< tijo.'i ;..'hJ ??>i-n b>jp’gt>xi iJwi riparaiu* s.'.o^kiny may impair fertility.” . 

H'-lW " ’ . 

I9S0 

*.. .thr diTA suggi.-M ihiii iiiipiuVincnt ■'•f(i , iHlily (iHrisuiHd ;-r^ Jefav in time :n i-iiiiik[>- 
tlon is I'eUiirfl tii s'link i>ii) n,vi iIih li.-in nl afti-mpl-ng in runt ci’,ennil lli;it Miiikutg 
cessation |.rlrrif»ci - niri*|;timi n-liinii li-mlity lo • »f nev-*r ■sm'-k-iv »"j j Sj .Vi 

1 thin 

"Women who smoke juive in'reaseil risks fur com eplum delay and f-r Imrh jsr iniHry 
<>rn; .wcr.-nihiiy irjp-jTih'y.' J07; 

?fiOi 

Ectopic pregnancy 


"Women who smoke may have a modest increase in risks for ectopic pregnancy." 

(p. 307) 

2001 | 

Spontaneous abortion 


' . . ii appeal's dial uulcuial Srrmki.lg iiui'Ing jjicgiutm.y may be I'd.s) wilh an 

i iv Jr rise-. 1 ir.'.i Je;in.- oJ sfjujilam:Ous slilihiilli, -i m i ni-mcjldl dr/iili <nu! that 

iMi i f l^l iojtilxip may t»- most imxiki d in the pu-scri:*' iifidhci rJ-jk j j. 

19ix9 

‘7 he re is msuincient evidence to support a comparable siaremenr for a bn mo ns 
[as for fetal deaths and stillbirths}.'' <p. 13) 

l£»7i 
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Table 5.1 Continued 


Disease and statement 

Surgeon General's 

report 

“A strong, probably causal, association exists between cigarette smoking and higher 
late fetal xtid infant mortality among smokers’ infants.” ip. 17) 

1978 

idjuAnn.'-ur?, uft- mud<-: fui ujrr purify difT* rv:i!<•<•:, m tii-jIIiits, thcv.i KOrin 

economic Main*, and previous pngtvitwy hlsinrh".. ifie risk of m-ri'iaial mnrrjlit', 
tlllrlbulabVto vnnkiii” is ‘•if.'iiy s'gnifitbri. indrpendrul of tiiese Itrfnrs. and is •-'nsr 
■ H-Jlrd.' Ip 1 22) ’ . , 

1‘17D 

‘The risk for perinatal mortality—both stillbirth and neonatal deaths—and the risk for 
sudden infant death syndrome (SIDS) are increased among the offspring ot women 
who smoke during pregnancy." Ip. 307) 

2001 

Infant mrinality 1 


"\1 ji i-n K‘! sim.-kh, t T J < tcren -'t' y tin* risk o f teivtl/lea r h through ma:enr.d comp HJcwi it Km . 

s jlvuprlo pliii.anla. pbietita | ■ 1.: .-!• -i u li-?ir.orihuge, and prolonged 
>. • • "eof meTTifunes.. Smoking . i. • . ■ < ikmi v-iiUibuCesto ilie ilsK cl Llicir 

■ • Of-irig victims of l'w \uctdej: . .1 • .> • * '. i IroiCv . . . Maternal smokiny, ca. i 

u-. l. ^.rectCJUitf of feliilor utic.-iulaJ wise normal Jnfjut. (p. 1-22) - ' 

_ 

"hxCes’j dun-is orsuiuki-r. intiiiii:. art- Found tm.ifily ir : ili<» coded cause cuiugurn::-. nl' 
unknt'M i'i a .‘id diloxid for feral d«*.ifhs. and uit'CalevuriL’. iti pre.iiatunty aiiiue .iikJ 

’resplTt'ioi;. difficulty' C'Ji iv^Jiiatill deaths. ." ip 11} 

10K0 

"An 1 r.fa'tt\ rKk of devoir iping llv> Nui’lilwi inhc it dt*arh syndrom**' :v iricri-SiM'd . v 
m.iti'rrinJ thinking flu ring pif*giiHtu'.v (p. II) r 

’)kt> 

“Cigar* or -iiK-klng is now (..>ir»ld< irJ in hr prohal4i- i/i'.i:-.** <>F. Increiv *J intinn 
mortal it’-. . . * fp. ,*ini 

l!>K!1 

L.nnjjenllii] meLf or motion* 


'. .r.u i.T-ndu sic in* '.in be drawn nboui ,mv ri>L.*.tJor.:.-iiip bihwer’n maternal f igoi'-ue 
sinokuigand rc-i . 1 i - :' h . ... prosvri.iimp.“ Ip. 137) 

!!»Y3 ; 

” the at'.'.iO'.i.inifi i ■ t i cone fas ion that icaietiul s mu king 

incmastis Mie iivtde]!■.«:• oi to'igemial malloritidLioro.' (p l -221 


-| h-iv>ir hiMiff-.m-iir i In vi[ipiii1 :i j irigcmHiil tvi w 1 u->f 1 1 i>r ir.:V**rn:-i1 xml.'nr 
■ p.»Hni;il fiyarelli* Miiokinj'. lm re-ivps Ihe risk of rtXlgh'iiKl Tiiallorrr-Htirms ‘j: 1 1 .* 

:•»!-« I 

“Smoking does not appear to affect the overall risk for congeiutiil malformations." 

Cp. 307) 

2001 
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Disease and statement 

Surgeon General’s 
report 

Impairment of children's development 


‘According to studies of long-term growth and development, smoking during preg¬ 
nancy may affect physical growth, mental development, and behavioral characteristics 
ofchlldren at least up to the age of 11." {p. 1 21) 

1979 

"M.ir*-rii.ii Miiiikkng ili.i i;il* i lepiuun.v jii.jv .idvv. ^Iv nffeti ll'.v i.bild'i K.'fiy lerni 
growth inrrlJi'.’i'iual tlro'HojJmeni jnd hr-hovJr.rnl rbar.'jr.lrrtsfh'v ip. JJ) , 

vjS':' 

Low sperm quality 


‘The available information suggests that current smoking is related to low sperm 
density. However, these data are limited.” (p. 405) 

1990 

Sources: U S. Department of Health, Education, and Welfare 1964,1969.1971,1973,1978,1978: U.S. Department of Health 
and Human Services 1980.1989, 1990.2UU1. 

Biologic Basis 



The biologic basis of smoking and reproductive 
effects is complicated by how exposure is defined for 
reproductive effects, and is perhaps best discussed 
using a metfiDdologic framework. When researchers 
examine the affects of smoking on reproductive out¬ 
comes, measuring exposure to smoking and adjusting 
for possible confounding are two important 
methodologic concerns. The critical exposure periods 
during gestation are brief for some adverse reproduc¬ 
tive outcomes that have possible causal associations 
with active smoking. For example, when examining 
the relationship between smoking and congenital mal- 
formations, relevant data include exposure to tobacco 
smoke during the early part of pregnancy or during 
organogenesis. Similarly, For studying Fetal growth 
restrictlO tis, knowledge of smoking habits during the 
third trimester—the time when most of the growth in 
the fetus occurs—Is of critical importance. However, 
In many studies the average amount smoked during 
pregnancy has been used as the exposure measure 
without collecting or reporting Information sorted by 
the month of pregnancy or by the trimester. 

For pregnancy outcomes, several potential 
confounding factors should be considered along with 
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tobacco use, such as social class and racial and ethnic 
group. Among women of a lower social standing, not 
only are rates of smoking higher but rates of adverse 
pregnancy outcomes are also higher. Whereas lower 
social standing is thus a potential confounding vari¬ 
able. it may also be pan of a common causal pathway 
serving as one of the determinants of exposure ro 
smoking. Most recent studies do take potential con- 
founders into account and within the body of relevant 
literature, confounding has been adequately consid¬ 
ered in the aggregate. However, for studies of some 
outcomes', such as those that examine associations of 

active smoking during pregnancy with child outcomes 
(i.e,, physical, neurologic, and cognitive development), 
fully accounting for all potential confounders in the 
postpartum period Is not feasible. The appropriateness 
of accounting for confounders will be discussed In each 
of the three sections that follow. 

Another challenging Issue that should be ad¬ 
dressed is the mechanistic role of smoking in the causal 
pathway of adverse reproductive outcomes. For the 
role of smoking in preterm deliveries, for example, 
prenatal cigarette exposure might (I) increase the 
risk for pregnancy complications leading tn a preterm 
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delivery (eg., the premature rupture of membranes), 
(2) decrease immune system functioning leading to an 
increased susceptibility to infections, or (3) act more 
directly through mechanisms not yet understood. 
Many studies do not capture data in a way that facili¬ 
tates an adequate dissection of die underlying path¬ 
way. For example, few stud tea atratify analyses by the 
presence of pregnancy complications, and most such 
studies do not account for infections, as this purported 
risk factor for a preterm delivery has emerged only 

recently. 

This methodoiogic challenge is further illustrated 
by SIDS, smoking during pregnancy, and die rule of 
birth weight in the causal pathway. Because prenatal 

smoking results in lower birth weights and LBW is also 
a risk factor for SIDS, most studies account for birth 
weight, and some studies even limit the analyses to 
infants bom weighing at least 2,500 g. it is unclear, 
however, that this analytic strategy is the most appro¬ 
priate IF the total contribution of smoking to the risk 
Of SIDS is or Interest. Only a Te w studies have exam¬ 
ined the association between smoking and SIDS by 
stratifying the sample by birth weight. 


Studies reviewed for this chapter were selected 
from a MEDLINE literature search from the mid-1960s 
to 2000, with some earlier studies identified through 
bibliographies. Title and abstract search terms Included 
'smoking." and outcomes of interest such as - preg¬ 
nancy," "fertility,* “pregnancy complications," “birth 
weight,” "pretermdelivery,’ "cognitivedevelopment,’ 
"congenital malformations." "Infant mortality,” and 
“SIDS.” For some searches (e.g., pregnancy' complica¬ 
tions), specific disorders were used as a search term 
(e g., placenta previa). "Smoking" was also used as a 
Medical Subject Headings term, and review 
articles were consulted as additional sources for 
references. 

As some of the topics presented in this chapter 
have been extensively investigated and the evidence 
found to support causality (e.g., smoking and birth 
weight), this chapter focuses on more recent studies 
and emerging areas such as male erectile dysfunction. 
When possible, recent studies were reviewed as the 
patterns uT sniuking among women of ddldbearing age 
and pregnant women have changed over the past 
Few decades. In addition, the topic of smoking and 
cervical cancer is discussed In Chapter 2. 


Fertility 


Epidemiologic Evidence 

Smoking and Sperm Quality 

Cigarette smoking among men can affect sper¬ 
matogenesis and sperm quality through hormonal and 
toxic influences. In a review of the literature on male 

reproduction and smoking, Vine (1996) noted that the 

cytotoxic effects of exposures to tobacco smoke may 
reduce the numbers and function of sperm, or may 
affect male reproductive hormone levels and lead to 

impairment of spermatogenesis. Although the results 

of studies supporting the latter mechanism are mixed, 
several studies have found that levels of testosterone, 
estradiol, estrone, ondrostenedlone, and follicle- 
stimulating hormone are Increased among smokers 
compared with nonsmokers (Barrett-Connor and 
Khaw 138/; Simon et al. 1392; Field et al. 1994; Vine 
1996), while other studies have found decreases among 
smokers compared with nonsmokers or no differences 
between the two groups (Andersen et al. 1984; Barrett- 
Cuiuior and Khaw 1987: Klaiber and Droverman 1988; 


Simon et al. 1992). Small sample sizes may partially 
explain the conflicting findings (Vine 1996) as larger 
studies tend to find increased levels of male reproduc¬ 
tive hormones in smokers compared with nonsmok- 
ers (Simon et al. 1992; Field et al. 1994), Toxins found 
in tobacco smoke, such as cadmium, nicotine, lead, and 
radioactive alpha-particle emitting elements (Internal 
emitters in particular), may be directly toxic as they 
circulate in the blood and reach the testes (MattIson 

1982; Ravenholt 1982; Mattison etal. 1989; Oldereid et 
al. 1989). 

hi die following, discussion, the studies examined 
associations between sperm production and male 
smoking and had larger sample sizes as well as some 
consideration of potential confounders. However, 
many of the studies on sperm quality included men 
seeking treatments for infertility, and the findings may 
have restricted generalizability. Also must do not ad¬ 
equately cuiisidei (juLcnii.il uimfoundcj a such as ab¬ 
stinence. occupational exposures (e.g., teratogens and 
toxins in the workplace), or health behaviors (e.g., caf¬ 
feine, alcohol, or drug use). Studies on smoking and 
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sperm qualify have examined measures such as ejacu¬ 
late volume and sperm output, density, viability, mo¬ 
tility, and morphology (Vogel et al. 1979; Evans et al. 
1981; Codfney 1981: Andersen et al. 1984; Fistndnkman 
et al. 1984; Kulikauskas et al. 1985; Dlkshlt et al. 1987; 
Saaranen et at-1987: Marshburn et at. 1989; Oldereid 
et al. 1989; Close et al. L93D; Holzki et al. 1991; Lewln 
etal. 1991; Chia et al. 1994) (Table 5.2). HandeJsman 
and colleagues (1984) studied 119 healthy volunteer 
sperm donors and examined a variety of physical, de¬ 
mographic. and health behavioral Factors and sperm 
quality. Although It is not clear how the category of 
smokers was defined, when compared with nonsmok¬ 
ers this group had a significantly reduced total sperm 
output (316 million versus 181 million sperm), motil¬ 
ity (72 million versus 67 million sperm), motile sperm 
(235 million versus 127 million sperm), and total oval 
sperm (251 million versus 120 million sperm). These 
values were unadjusted for other factors. Marshburn 
and colleagues (1989) studied 445 men and reported a 
significantly reduced sperm volume for smokers com¬ 
pared with nonsmokers but no differences in sperm 
density, sperm motility, or the presence of abnormali¬ 
ties or dead sperm. The authors, however, warned 
against the confounding effect of coffee drinking in 
this and other studies. Chla and colleagues (1994) stud¬ 
ied 618 men receiving treatment for infertility and 
reported means for volume, density, motility, and mor¬ 
phology adjusted for age. medical history, occupational 
exposure to cigarette smoke, and testicular size. Cur¬ 
rent smokers had a lower sperm density, a lower 
pmportinn with normal morphology, and a higher pro¬ 
portion with he-ad defects than nonsmokers (lifetime 
nonsmokers and former smokers). Most studies have 
not found dose-response relationships with the 
amount smoked, and a number of studies Found no 
difference In sperm quality between smokers and non- 
smokers (Saaranen et al. 1987; Oldereid et al. 1989; 
Close etal. 1.990; Holzki etal. 1991; Itmrin et al. 1991). 
One large study found no differences between those 
exposed to tobacco smoke and chewing and those not 
exposed to tohacco smoko and chewing (Dlkshlt ct al. 

3987) 

A meta-analysis of 20 different study populations 
conducted by Vrne and colleagues (1994) found that 
sample size. was a major ronttihutnr to apparent in¬ 
consistencies among the study findings. Overall, the 
weighted estimate of reduction In sperm density 
Among smokery compared with nonsmokers was 13 
percent (95 percent confidence interval [Cl], 8.0-21.0) 
adjusted for population source, minimum number of 
cigarettes smoked by smokers, number of specimens 
analyzed, and whether labnrafnry staff were blinded 
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to the status of the participants (Vine et al. 1994). This 
estimate is somewhat lower than that of an earlier 
review of 10 studies, which found a reduction in smok¬ 
ery compared with nonsmoke/s to be 22 percent. 

In summary, studies on the association between 
smoking and sperm quality have produced Conflict¬ 
ing findings. Many studies have small sample sizes 
comprised of men who may have problems with in¬ 
fertility unrelated to smoking. And despite comments 
about similarities between smokers and nonsmukers, 
few included adjustments for potential eonfounders 
such as sexual abstinence, occupational exposures, and 
health practices of participants (e.g., consumption of 
alcohol, caffeine, or drugs). Nonetheless, die evidence 
suggests that smokers may have decreased semen vol¬ 
ume and sperm number and increased abnormal 
forms, although any clinical relevance of these find¬ 
ings is not clear. 

Smoking and Fertility in Women 

Numerous studies have shown that smoking re¬ 
sults In reduced fertility and fecundity for couples with 
one or both partners who smoke (Table 5.3). Fertility 
might be reduced by active smoking through numer¬ 
ous mechanisms. Animal studies suggest that prena¬ 
tal exposure to polycyclic aromatic hydrocarbons has 
a destructive effect on oocytes and may affect the re¬ 
lease of gonadotrupins, corpora lutea formation, ga¬ 
mete interaction, and implantation. Studies in rats and 
humans also have shown that postfertilization cleav¬ 
age Is delayed in smokers (Mattison et al. 1969. Hughes 
et al. 199Z; Rowlands et al. 1992). In the rat, nicotine 
delays implantation of the fertilized ovum, but 
whether this delay affects fertility remains to be deter¬ 
mined. Smoking also has been shown to affect men¬ 
strual function by shortening cycles and Increasing 
anovulation, which may also contribute to subfecun- 
dity and infertility (Windham et al. 1999). 

The literature uses a number of different indica¬ 
tors to measure fertility and fecundity. Infertility in the 
United Slates is defined as the inability to conceive for 
12 months; the World Health Organization uses fail¬ 
ure to conceive for 24 months or more. Primary infer¬ 
tility refers |o women who have not had prior preg¬ 
nancies while secondary infertility concerns women 
who have been pregnant before. Unfortunately, the lit¬ 
erature on smoking and fertility among women does 
not consistently employ these standard measures. 

Laurent and colleagues (1992) studied primary 
infertility in 2,714 oases and controls. Primary infertil¬ 
ity was associated with smoking more than one pack 
per day compared with nonsmokers (odds ratio 
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(OR| = 1.36 [95 percent Cl. 1.14-1.611} and starting to 
smoke before 18 years of age compared with nonsmnk- 
ers (OR = J .30 [95 percent Cl, I.U-L68I) These esti¬ 
mates were adjusted for education, age. race, and his¬ 
tory of ovarian disease. JoFfe and Li (1994) examined 
the time to first pregnancy among 3,132 women. After 
adjusting for age, education! and mi ink fug status of 
the father in a Cux .survival model, women who 
smoked before conception were less likely to become 
pregnant titan nonsmokers; the risk ratio for time to 
pregnancy for women who smoked was 0 89 (95 per¬ 
cent Cl, 0.83-0.97). Alderete and Colleagues (1995) stud¬ 
ied 1,341 prlmiparas and reported that women who 

arriuked, regardless of whether they drank coffee, had 
about one-half the fertility (OR = 0.5 to 0.6 for concep¬ 
tion times of 6 and 12 months) of nonsmokers who 
did not drink coftee. 

As early as the lUGOs, an association between 
smoking and decreased fertility was observed. In a 
sample of 2,016 women in Tennessee, women who 
MiiukeO bad a 46 percem Idgher rare of Infertility than 
women who did not smoke (Tokuhata 1968). In a large 
prospective family planning study of more than 17,000 
women, which Included 6,199 episodes of contracep¬ 
tive Stoppage for the purpose of becoming pregnant, 
Howe and colleagues (1985) demonstrated a dose- 
response relationship between the amount of current 
smukii ig and induced feitillly ilia! was based on preg¬ 
nancy rates five years after terminating contraception. 
Women who smoked more than 20 cigarettes per day 
had their fertility reduced by 22 percent compared with 

lifetime nonsmokers and former smokers. Lighter 

smokers (*cl 5 cigarettes per day) did not shew demon¬ 
strable reductions in fertility. Although this study did 
nut adjust for potential con founders, reduced fertility 
in smokers did not vary significantly by social class. 
Suonio and colleagues (1990) demonstrated a dose- 
response relationship between any current smoking 
aiui a delay to conception for short (6-month) and long 
(18-month) periods of time. In this sample of 2,198 
mothers interviewed at 20 weeks of gestation, with 
adjustments for several eonfoundeis (age, prlur preg¬ 
nancies, prior terminations and spontaneous abortions, 
alcohol consumption, occupation of the mother, em¬ 
ployment. smoking status and alcohol consumption 
of the father), the OR of conception delay for smokers 
(>four cigarettes per day) compared with nonsmok- 
ers at six months was J.6. Conception delays contin¬ 
ued fur smokers (<my smoking) compared with 
rmnsmokers at 12 arid 18 monills after discontinuing 
contraception. Women who smoked more than four 
cigarettes per day had a 2.1 OR tor conception delay 
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at 18 months compared with nonsmokers. Dose 
response relationships were demonstrated for lighter 
and heavier smokers for most outcomes (Suonio et al. 
1990). 

In a large multicountry study, Bolumar and col¬ 
leagues (1996) examined the association between 

smoking and lime to pregnancy Lhat exceeded nine 
and one-half months in two large samples: (1) a 
population-based sample of women aged 25 through 
44 years and 1,2) a sample of pregnant women recruited 
from prenatal clinics. Each sample had more than 4,000 
couples. The OR was 1.7 (95 percent Cl. 1.3-2.1) for a 
longer time to pregnancy for women smoking 11 or 
more cigarettes per day compared with nonsmokers 
in the population sample. For current pregnancy in 
the pregnant sample, the OR was also 1.7 (95 percent 
Cl, 1.3-2.3), demonstrating a dose-response relation¬ 
ship for this outcome. Women who smoked 1-10 
cigarettes per day had an OR of 1.4 in the popula¬ 
tion sample (95 percent Cl, l, 1-1.7) and also in the 
pregnant sample (95 percent CL 1.0-1.8). Iji the 
population-based sample, associations were also ex¬ 
amined for the most recent pregnancies. For the most 
recent wait time, women who smoked 11 cigarettes or 
more per day compared with nonsmokers had an OR 
of 1.6 (95 percent Cl, 1.3-2.1). QRs In this study were 
adjusted for age. coital frequency, education, oral con¬ 
traceptive use, and coffee consumption (Buluiuai el 
al. 1996). Curtis and colleagues (1997) reported a 
decreased fecundabllity (the monthly probability of 
conception), measured by time to pregnancy after dis¬ 
continuing contraception, among smokers compared 
with nonsmokers. The fecundabllity ratio of smokers 
was 0.90 (95 percent Cl. 0,81-0.95). and a dose-response 

relationship was observed for heavier smokers. 
Fecundabllity ratios for those smoking 11-20 cigarettes 
and more than 20 cigarettes per day were 0.87 (95 per¬ 
cent Cl, 0.77-0,99} and 0.74 (95 percent Cl, 0.59-0.92), 
respectively. Curtis and colleagues (1997) also reported 
associations with spousal smoking habits Compared 
with both partners who were nonsmokers, when both 
the woman and her spouse smoked the fecundabllity 
ratio was 0.77 (0.68-0.86). In their study t>f G78 preg¬ 
nant women, Baird and Wilcox (1985) reported that 
smokers had 3.4 times the risk of taking more than one 
year to conceive than nonsmokers, and heavy smok¬ 
ers showed an even greater reduced fertility than light 
smokers. In a review of 13 studies on this topic, Hughes 
and Brennan (1996) re purled that all hut one study 
found a reduced fecundity among smokers compared 
with nonsmokers. 
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| Table 5.2 Studies on the association between smoking and sperm quality 

Study 

Study period 

Population 

Definition of smoking 

Vogel et al. 

1979 

NR’ 

474 men 

Smokers and nonsmokers 

(24Z nonsmokers and 232 smokers) 

IVjiu ?t u!. 
i.m 

MR ! ’ 

8ii men 

Ni.nihnr nf cigarettes-da\ {U. »• 19 
t?A ‘ 




(43 smokurs ol\-l cigarette'day 
auif 43 jioumi iimns) 

Godfrey 1981 


:i l ‘i men 

• \‘Tl*>nir>[*:<T.s 

• S;m'ikeis‘ •:?■’) and '20 

cik;r>rru-<;.<-l;r,- 

Andersen c*t 

al. 1SW4 

1977-1981 

233 in-'ii and cfkl women : 

red lu it a tnfertMly 
clinic 

Stn«lo‘i>: >1U iT^-iiVlti-s/diy 

Handt-Lrmm 
et al, I9S-1 

NR 

1J H fi-. uhhy men pj »/>.t nrir.g 

Ah M.iuemny as potential 
Spi-rrn (imii’is 

Fruokcrs: urrt-rti and former 

Ku[ika'.;ska>; 
real 19*5 

NK ■ , 

?.53 m'T'i «igrcf fit-.]2 v?<irs 

Smukirrs: r'4 fig.uvlies/day lor 

1 , :ir lr;ist the- lout 5 y hots 
* Xonsmoki'iH liatl nevei smoked 
nr ‘-.ad net smoked lor at 

5 years 

Barrelt- 
Connorand 
Khow 1987 

19(2-1974 

1985-1986 

590 men aged 30-ra ye.-i>. 
without a history of cardio¬ 
vascular disease 

NeV' i lurnier/ currei it smokers 
were classified at time of Inter¬ 
view: 

• 176 never smokers 

• 304 former smokers 

• 110 current smokers (<io. 

11-20. s^ndgarerres/day) 

Llkbhu fi al. 

1987 

July 1985- 
Septrmbfr • 
1986 

(■26 m.-iL pan tier* n&ed 
:?l> y..-r.rn of cc-.pl---. 

iindi'i going .diopnrhk ' 
liiiv-rilits. 

* XomiM is. mi luh-iLt t! i.sc r auv 

fnrm . 

* Sn'.nkej:;: >10 dq.irerTOs-'rhy 

* -Top ,‘iao«' '■ ew'is ■ > 111 

Helpings/c<iy 




<2lR! lKniibC:^'2l(r>«'iiuk« i r>i a::d : 

119 luh-ir i;ij ih* veers’! 

‘NR - Dare were not reported. 
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Key results 

• Smoking may be correlated with gonadal function and with particular central nervous system functions 

influenced by gonadal hormones 

• Smokers had less gonadal hormone stimulation than nonsmokers 

- Differences were obsen r ed only tn smokers wlw started smoking at i 5 years of age or younger {early 
smokers), compared with late smokers who were older than 15 years of age when they began 

• An examinarinn nt mm ■ 1 . • i -lilies - *i sportr‘-tripli*s revealed that smolu'rs had a significantly 

K 1 -'in'* ."*r« r-ri'iigir of -si , -> rionsmokei s 

■ Tin-re no dear qua i. • ■ . - u j> bcrvvrtn the disjrcc- of jhnrrmdity ;mri rhr n - „mh»;r of cl* a 

reti.es $ino:U:rl • 1 i, 

■ .Spe iti iLmOimaJliiti m sinuki::’. m.iy ie fleet j.;i-ii*"“V'dnnuigi- i' ii* UL-idivrfi' smoke 

• Sperm mu:’phi: logy did nor <lr’Vr sigriifvunily ajrnr.g the I hr re group-. 

• No cliMi rt-’ir i“. :n sjirnn miitn.ry 

• NOM|_;ri«lir:ni :l ft.—r-p-r** |n sperm iiiiinr-. 

• Male smoko <; . .1 i i • .* nighi-r sen mi u-.srusTi nni'. 1 levels ami lower senam volumes v.hjl>.* Iutrini7- 
tng rnnrinnu. :i ; i I -mriniirm, mid jjienn UeirJiv. mulIJity. ami morphology th:l nut differ 

h'*lw» i'll sii' fjl • ■ •. .iv *■ ‘ 

• (,'igaroitr smo.- .-i,, u :...... >s rentraJ dopaminergic tonus and reduce seriun proiactin lc\eb! hue thr - 

biologic signlfkimo* of fhta finding to reproductive timer loin. Is u:'.ku*>v. ii 

• Smoking «-av asr.ni latc-H w If h n highly .iiiuliruru nxiuction in sperm output and motility 

• SperndeiiMi v a-id nuijuit as well as (he equivalent parameters for motile and morphologically normal 
spent' 'veil- k-wer in suK'kfi'. Hum m n-.-rLimokers 

• SeitiHii •■-r.i , nrn* j nr ffm iifagc nl .in.—ii al forms did not differ between the two groups 

• L ; f.h*rmai'.£Oo froiu smokeis possessed significantly d-j'.icti.w-.l density .mil inolihiv lumpuml with 

• liu.hvii.lual yam counts indicated mure than iwiu* a.s irumy .smokers a.-; nonsmoktr* had a sperm dtiasily 

'of rttJ V. Id* sptrn/iuJ... considered jo he the. kiwur limit of the normal rangi* • 

• Moipholuglc abnuiiridlltlrs appeared lo he inure prevalent among s.Tm-.rrs, hji.it rluj n«i d'.ftvr Jignlficantly 

• Cumm f onjatBUe m uokers had M^nJj'.antly higher mean endogenous andrusrenedione, estrone, and 
estradiol levels compared with nonsmokers 

• Among smokers, a dose response relationship was apparent for these hormones, with mean levcti increas¬ 

ing with increased cigarette use 


Results fulled in (ieiiinus’ r aii* ? significant intli.r-rrp of t:«hacrc use (smoking or chewing) on semlml 

pArnir.etav ' 

Alrhough Lhrri* was a rrdncuon in voUjrrr* ip*r:n .od tntftl count .uynog '.•..hirer; iis(*rx t»ji- • 

tHffi-iuiu:-, 'm i •• sUt:sri< allj i:i',ij'tun< jni 

I'oliH'.cn uv \s.cs por assuri.iu-tf v, , u'' hr. pane;! <|nni -.juaiirc in mhffs svfccrfjd horn ft:: Mio|mthli<iity 
liyprififililf! p’npu l.il ion . . • 
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Table 5.2 Continued 


Study 

Study period 

Population 

Definition of smoking 

Saarsnen ct el. 
m7 

NR 

l90rrcn of reproductive 
age With no previous 
history of infertility 

* N-onsmokcrs 

• Occasional smokers (1-15 
cigarettes/day) 

■ Regular smokers (>lfl 
cigarettes/day) 

Dal <:f ok. k;Htl> 

l&HJ 1‘Wo 

* Longitudinal studv 121 
rut'.-: frnm (he Mi.lUpJe 

Risk Fdi.lur liilnveiitiur] 

TimI imrVit7 
. 1 ;w rmil<>»l •■h.ily. 1 H.-i 

M Km n>en who iteywl 
ofirrl < iT<)Hi'ir» heart 
dis'-an., and lb? nuueb'^i 
con—nh . 

oi r.ij|it;S’> rtvoragi.il 4 nlgur-.-lleji/'iLiy 

Marsh i<ur ii <r 
I98'i 

J 9/S 1:'S2 

•'41 mon 

None. i!0 •. itfareiles-' diiy. t-.nd 

>:-ih iyi-.i.'lli-v 

f lkiU'-toirl t-i nl. 
lbfey 

NH : 

:>:>ii n«n a^fd ^l>-58 yrar^ 
under feitiltiy investigation 

• Mnderjle srnokepi- 1 M 

I'igaicrUf./'day 

. *. Heavy smokers' [5-40 

c.gdfnte:>/tby 

■ 20i ttnokofv, I •) J ii-'tit-niokor^i . 

Close et aJ. 

1990 

NR 

164 men from infertiie 
couples referred to a 
urn logic fertility rlinir 

* Number of packs/day 
■ Nonsmokers Included former 
smokers 

I lr.ili.ki«:» ai. 

II 

1‘jSJ 11)87 

&■) men retimt>rLlively 
srh-cred from ^n'liifiimlny 
, i line. 

* Muitfiiiiokci u luttl nwor sir uki'C: 

• Srnukiiis' > 10 ( Igau^iics- d.iv 

(50 srn iik ii-iiLSirnlieis] 

Lewi net al. 

1991 

November 

1986- 

Februaiy 

1988 

675 men aged <45 years 
under InferrilHy lnvestiga 

tion 

Smokers: >10 cigarettes/day 

(293 smokers, 382 uemsmokers) 


538 Chapter 5 


Source: https://www.industrydocuments.ucsf.edu/docs/zkmj0001 




PM3003724060 


The Health Consapirncps ofSmoting 


Key results 

“ Sperm output wag normal in both smokers end non smokers, but semen volume was smaller in heavy 

smokers than In nonsmokers 

■ Percentage change in ;perm motility during 24 hours was different In men with different smoking habits: 
initially, sperm motility was better in heavy smokers than in those wlw smoked <16 cigarettes/day; the 
motility decreased more rapidly For heavy smokers than for ruonsmcikers, and the rapid decrease in the 
survival sperrmfo^nr} in smokers maybe harmful with respect to fertility 

• Set uni loLiil and IYct icitosirrnni- emu rntratlcns v/err: p<r»ir.vrJy r.cmT.itcd wirh uyarctlr ^making anumj; 
dje kn nit'jdirkjl samulr i.'nd controls hut riot for the hasc.in-i scrum from the. cor-:.nor,-' chart disease cases 

• There A,i’, [i<i/jv*0i i.ili-iii Ik:;wm:]i eilica serum i:Mi;.i1li>l i r iMum: ranufiiii .ilkm-s irul rrgjii-llt: -.ttiohinj' 

id till?* pupi/ai on , 


• Indr-Klnnls v.hn dr.ink .-'4 rn-.-s of ■ ofW. fiat anil siunk'-it =-2ft ri.^nn'Ci-e* Tl.iv h<.il a Imvi-r proportion of 
motili-MO.m/n-i jn«l -i l»ly:n i i pinp.iriluM ile.jl ■•►•IK < ompan-il wnli rnui^mokw- “licidl-l mu iliink 
coffiv 

• The rffpcrs nt snnkhit; on sr-mln.il volume. and uf rofjee dj inking on sperm density dlo I'l-'t appear to he 
dosr di’jx-ndi.-iir 

■ riiprc ■■.vrr<- »'i <igniJh - nr.r iliffprcncps in any i-speiT cT sp-rm quality including distribution limniig 
rjoriMtwk.ei> rr.udcrate smokers. and hcasy smokers 

• I 'slny rnnvemoiul j'iirumrrrrs the uuriy didTinr show rii.it smoking has ielrTf-ririns efTe-rts nn sprrm 

: quality ' , 


■ Current cigarette smukers, marijuana users, and heavy alcohol users showed greater numbers of leuko¬ 
cytes in the seminal fluid than did nonusers 

• fligaretle smokers had inwer sperm penetration assay scores than nonsmokers (median' 7 5 vs R 0. 
respectively) 

• Compared with nonusere of cigarettes, users of marijuana or alcohol showed no decrease in sperm counts 
or motility, or in the percentage of oval sperm 

*. .Smokers' i'iavJ spe-rm volume:; Mg::i(icaictlv iJi<io r.tiorriokiT;; of ffic :;.irnr* .ivy 

• l\V. <k1(1uL o:ta1 «nV.ti.Vtn sperm jwiriiTTictor-i vver <■ found 

• ClfiareUe smoking revt-Jifml mi iJ*-iri mental rfli^.T rn sprirnafugeupvis 

• An overall reduction of sperm concentrations was seen In smokers compared with nonsmoke rs In relation 
to the effects of the number of clgarettes/day and number of pack-years (the number of years of smoking 
multiplied by the numher of packs smoked per day) calculated to measure the cumulative effects of 
smoking 

• No differences were nhserved in sperm motility and sperm penetration assay 

• In men <45 years of age with sperm analyses showing motility >30%. concentration >10 x 10 s /mL. and 
normal morphology, smoking was not detrimental to fertility 
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Table 5.2 Continued 

Study' Study period Population Definition of smoking 


Chic cl qL January 618 men undergoing 

1994 1991-June infertility screening 

1992 


Nonemokers had never smoked 

a cigarette or had quit for more 
than a year 
Current smokers 


Not all studies have reported positive associa¬ 
tions between smoking and reduced fertility. A pro 
spective study of fertility conducted by de Mouzon 
and colleagues (J988} with 1,937 couples found 
ihat reduced fertility associated with smoking was 
no longer srafisrfrally significant once possible 
confounders {method of birth control, attempting to 
conceive, oral contraceptive use as the most recent 
method, social class, prior deliveries, and year) were 
included in the analyses. Specifically comparing smok¬ 
ers with non-smokers, cigarette smoking by the woman 
produced a 0.86 rate of relative fertility (95 percent Cl, 
0.453—1.19) and by the man a rate of 0.99 (95 percent Cl. 
0.85-1.14) after accounting for oral contraceptive meth¬ 
ods, previous deliveries, social class, and prior at¬ 
tempts to conceive. 

An increasing number of studies have used 
couples seeking treatment for Infertility. These stud¬ 
io;. have toudsieittly shown that treatment success is 
affected by smoking. Several Studies documented that 
the success of in vitro fertilization (IVF) is significantly 
reduced among smokers compared with nonsmokers 
(Elonbogen at a|. 1991; Patti ns on at al. 1991; Hugh vs at 
al. 1992: Rosevear etal. 1992: Rowlands et al. 1992; Van 
Voorhisetal. 1996: El-Nemr etal. 1998), but other stud¬ 
ies have not shown this reduction {Trapp et al. 1986; 
Sharara et al. 1994; Sterzik et al. 1996). Joesbury and 
colleagues (1998) examined die association of smok¬ 
ing by both partners with the likelihood of pregnancy 
Within 498 consecutive IVF treatment cycles. Although 
female smoking had no association, male smoking was 


associated with a reduction in the probability of achiev¬ 
ing a 12 week pregnancy. This study observed that age 
did modify the effect of smoking. For every one-year 
increase in age, there was a 2.4 percent reduction In 
the probability that the man's partner would achieve 
a 1 2 -week pregnancy (Joesbury et al. 1998). The au¬ 
thors suggest that pre-zygotic genetic damage is the 
mechanism causing these reductions in a successful 
pregnancy. 

Evidence Synthesis 

Although mechanisms for an effect of smoking 
on sperm quality have been proposed, study findings 
are inconsistent for an association between active 
smoking and sperm quality. Some studies have shown 
positive associations, with a few demonstrating dose- 
response relationships with the amount smoked; 
others find no association. Many of the studies have 
potential flaws related to participant selection and 
confounding. 

The evidence for a positive association between 
active smoking and subfertility and subfecundlty in 
women consistently shows that active cigarette smok¬ 
ing reduces fecundity and increases the risk of primary 
infertility. The number of studies is substantial and 
various study designs and outcome measures have 
been used. Several studies demonstrated a dose- 
response relationship with the number of cigarettes 
smoked. Although the evidence is less consistent in 
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Key results 

* Smokers had a significantly poorer sperm density, a lower percentage of sperm with normal morphology, 
and a higher percentage of headpiece spermatozoa defects compared with nonsmofcers 

• Cigarette smoking appeared to affect sperm density and spermatozoa morphology, especially the 
headpiece 

■ A dose-response relationship between cigarette smoking and spermatogenesis is suggested based on 
calculated cicarette-vears (the number of Years of smoking multiplied by the number of cigarettes smoked 
per day); 0, 1-199. £200 

’ Sperm density (fOVmL) shows a decreasing trend as clgaretfe-years Increase. Differences are significant (p 
<0.0001) even after using ANCOVA to adjust for medical history, occupational exposure, age. and testicu¬ 
lar volumes 


studies examining the impact of smoking on the suc¬ 
cess of IVF, these studies may be limited by inadequate 
adjustment for fertility-related confounders, Moreover, 
animal and human studies are beginning to provide 
an understanding of the mechanisms by which ciga¬ 
rette smnke nr its components affect Fertilisation in 
females, pointing to the plausibility of this association. 
The evidence reviewed shows consistency, dose- 
respon3c relationships, and appropriate temporality, 
and partially characterizes the mechanistic basis. Based 
on the evidence through 2000, the 2001 Surgeon 
General's report concluded that ‘women who smoke 
have increased risks For conception delay and fnr 

primary and secondary infertility* (L7SDHHS 2001, 
p. 3D7). 

Conclusions 

I. The evidence Is inadequate to infer the presence 
or absence of a causal relationship between active 
smoking and sperm quality. 
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2. The evidence is sufficient to infer a causal relation 
ship between smoking and reduced fertility in 
women. 

Implications 

Regarding smokjng and sperm quality, future 
studies should also include more samples of men not 
seeking treatment for infertility, larger study popula¬ 
tions, and tiie Information to adjust for potential con¬ 
founding factors such as occupational exposures (e.g.. 
teratogens and toxins in the workplace) and health 
behaviors (e g., caffeine, alcohol, or drug use). Women 
intending to become pregnant should be warned that 
their smoking reduces fertility; health care workers 
should be aware of the causal association of smoking 
by women with reduced fertility. 
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Table 5.3 Studies on the association between smoking and fertility in women 


Study 

Study period 

Population 

Definition of smoking 

Tokuhata 

1968 

NR* 

2,016 women from a 
death registry 

• Number oF cigarettes smoked 

• Tobacco habits data included 
chewing tobacco and using 
snuff 

Halnj and 

Wikox 

1 4 J{J3 

l’J/S prt'gruml wr-inrn 
;.vhn h.id toppl'd using 

lum control m order m 

y.*t ^reu.'fcuit • 

. ■ Smokr-rs: Z: 1 ci^ur'U.vdjy 
during ai le.ist the first livjfirh 
after Mnpp’ng btiili ninirol 
♦ Niin;ir>Tf'» i -v a/F rifh^n. 

Howe et al. 

1985 

lisbtt-IS74 

1 r,U32 wiute ram " J 
women, aged 25-39 
years, from the Oxford 
Family Planning 
Association contracep¬ 
tive study 

* irnukfd 

» Fuim/'t './i,wk<7x 

• Current sn h ikei s m r stifled by 
cigarettes ■'• H ay; J - c 6-10, ll- 
15. 16-20. :ti) 

Trapp et 

1980 

1 I9S4-J0S5. 

' J 1 i p-ili'-ilLs Wilts 
underwent IVP' 

Smokers or nc nsmokcr* 

de Mouzon et 

al, 1088 

1977-1982 

1,887 couples 

• Nonsmokers did not smoke 

* Smokers: £i cigarette/day 

Suortio ct al. 

1090 ' 

1‘JS3 

c lv? mother; 20 work* 
prrgrant 

• >.. . • -rs 

• 1 . ii tors (1-1 




* H. •. :k.>r«i(>4 

Clg.irviH*/lli.v) . • ’ 

Elenbogen et 

id. 1001 

NR 

41 women aged <37 
years suffering from 
mechanical Infertility 

* Nonsmokers 

k Smokers; > 15 cigar ettes/day 


'MR -=> Data were not reported. 
’iVF- In vitro fertilization. 
‘OR - Odds ratio. 
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T 7 * HeaJlJi Consequents of Smoking 


Surgeon General's Report 


■ Cigarette smokers had increased risks of infertility, reduced frequency of pregnancies, and an increased 
risk of fetal losses 

• Risks of infertility and fetal (asses were higher in those who developed breast and genitalia cancer, but 
were not further increased by smoking 

■ In contrast, the risks were lower in those with noncancerous diseases, but were elevated by smoking 

• The husband's smoking history .j ; md^pendent of the association between the wife's -moking and 
reproductive historic:; 

* Smokers were 3.1 times more likely tn luive Ickon more Ihan ;* year lii corccive iTrmp.ired with nnn.si linkers 

• •rtftLify nf smokers was rslltrah'd to he /i M S: oi t.itu tor mnsmokers 

• Heavy wnokers vxporlf n<vn lower ‘.’rflJUy r;u*.s> than llghl vrio<r.rs <nul /V*. of tor pregnancy ratr r»t 
norisiiiokors, respectively) 

* berUUy was onralTt'ciod hvthr h.'isb-md's sm-king 

* there was <■!■ iuveiserejalioiL-dilp between the ll^>j at snipping coil b ace ptluii and ierUlkly, in both nulli- 
parous and parous women, but the effect was greater In nulliparous women 

* There was a dose-response relationship between smoking and decreased fertility: more dgarette$/day were 
associated with decreased relative fertility rates 


• 1'hc-j-r wi'ii. no significant dilfeirriLi-s iu IVFou-.cuinvi- (Ivitlliriiiiusi uiul pregnancy tutt-jl ixlvvcui smokem 
and nun 1 ;rnoser s 

• ] hr* fhnd;irild«‘ (Sf Ml tonccimatiutis in sttuni and follicular i'uid were higher in unukeis than i:i non- 
snujtrrt • 

• Thr* Inflnrncc of sm* iking on lVf is difficult to jtmrr.iln: IVF Twrhfwk noed to ini pm ye 

• Cigarette smoking by both spouses was related to decreased fertility when considered independently, but 
the association did not remain significant when confounding variables were controlled 

• The relationship between tobacco and subfertility is not clear, and if U exists, is very low 

• The effects of tobacco on fertility found by different studies may be explained by behavioral factors related 
to tobacco u*w’ 

• A significant dcloreriou* offer* nf smoking on fecundity \v.js observed. which inrreased with lunger delays 

in conception |( . . . . . 

• The OX 1 shifted from 1,2 at months «, ,'J.i? .it It> monels for th<o'- who trucked 2 -I cigutcCtcs/deiv; and 

from 11! c>?. 1.1 trr smoki.p; ot *•! fi^ui '.’ttcf* / ilay . ' . •' 

-'Amt .. ' -' - • TV..- ■ 12 moirj.s, botli iriattirna l and paternal smoking 

iuCIt I- ' I - ■ ■ • . I 1.?. lebp-xtivvlyl, and tile fSIwltWis pon-rillaled In 


• Follicular fluid levels of estradiol were ,- 0 nifi.cantly lower in smokers than in nemsmokere 

• Fertilization rates were lower for smokers (40,9 vs. 61-7%) 

• Cigarette smoking had a detrimental effect on IVF and embryo transfer 



Table 5.3 Continued 


Study 

Study period 

Population 

Definition of smoking 

P&ttinson et 
a], 1991 

March 1984- 
March 1989 

447 couples seeking 

IVF 1 

Both partners were asked if they 
smoked and if so, how many 
dgarettes/day 

«ii mz 

Vnrch 

1990-May 

1991 

. LIZ if couples urdci no- 
inp ro.ispru'lvr IVF 
. -ir.d embtvc rr.invfer 

Women w„-r >: classlll.-d os 
iion>iTiCiker:-. smoker;. <>( 1 15 
ciU.m-iUft 'iJay, afld sirnknri nf , 

Mii riyarHie.N.'tPfiy 

Laui eui el 

al. 1992 

Lfecciubei 

1980-Aprll 

1983 

2.714 landomly 
selected women aged 

20-54 years: 483 had 
primary infertility 
and 2.231 served as 
controls 

bmukeis began smoking 
cigarettes before or during the 
period of unprotected inter¬ 
course (for the infertile cases) 

or before the first conception 
(for the controls) 

fiuwear c( 
il i !>:>>■ 

198ft 10-fi 

IS women with n ihnl 
and other 'omp'.ka 
tlms i-l Infertility 

firm • • ■; • • i determined by 
rnrr • f i levels of hirofint* 

met ■ • r. ittnine or 1 l 

ir.ni- i ii •’ ig'ml.j in ovarian' 

. fnll . • id 

ROwlD I'll l?r 

el at. 1992 

j\K 

?. win* f.-.t:ivi:d 

IVF 

!>■ iiukuig in:.tui'.«.*i» At both 
p.iilnvih wen: iixoi'di-il 

Joffe and J.i 

lew 

1 1958- 1991' 

l J .-iW persons: 3.132 

leniilc and 2,376 nude 
i nitnrt members who ■ 
h'Hl borne or fathered 
at feasr 1 live hirlh 

Cumuil smoking habits c>J’ ihe 
enh .: . - i l . •.irfrm - . 

077 cf ■ of ihr*. . 

rnh i months i 

hrh i ; i•i •ich 

as*:t '1 ,; • . • 

Shauna et 
al. 1994 

jammy 

1991 

December 

1992 

£10 Women ii cm a 
general infertile 
population with 102 
undergoing IVF 

• tlHUK 1 Idli nevw 
smoked cigarettes 

* Cuirent cigarette smokers 

- Former smokers not currently 
smoking were excluded 


WF = In vitro fertilization. 
*C 1 =■ Confidence in In val. 
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The Health Con sequences of Smoking 


Surgeon General s Report 


Key results 

■ There were no significant differences between smokers end nonsmokers in peak estradiol levels, the 
number of eggs retrieved, or fertilization or Implantation rates 

• The Incidence of spontaneous abortion was higher in smokers (42%) than in nonsmakers (19%); conse¬ 
quently, the delivery rate per IVF cycle was significantly lower in smokers (11 of 124,9%) than nonsmokers 
(4fi nf 236. 17%) 

• Tb*r» vvas no effect when only thr* h» rsband was a smoker 

• J r.ci - v.-rr* di> dlftcrr-m-r-i in ovnrlaii slimi|.irion, j. • i n dial levels. <jr rhr mnnbc-j ot cic-cvirs rea J^vn.l 

• Heavy smcki'rs h:ui bight- - >rtilirnlion rales rhan -r* vs. bl.: r .\V.| 

• f>.-e Db- .-t f mhivo wvij rvianiw.- • • •• 1 . .•?)* fjjJuon. j/i smokers of J 1-1 ciLiL-i'tu-s 

the Hk.-'Jihnod of LtiiriifL'jnti’i unciuhryi; . • .. . L> 61 CJj% Cl', 'J.ot> I \; um.11;> smoker;* uf 

eig:«n'ru.s 'd.-.y. Lin. likelihood wavO.S2 ('J 1 i 

• \o siqmfit'jf.C di.Tmvrites \v«-ir* exited m c.,.-,,.... ;..j|fowing ^mmyu transfer '< 

■ Smoking, L pack/day fl>K = 1.36) and slatting losmuke (UK = 1.3) were '• gui! h andy yv.i* i.iiiid -A-il.li 
Increased Infertility 

• Smoking did not significantly increase the time required to conceive among infertile women 

■ Women should stop smoking when they are attempting to become pregnant 


*, Smoking 157',-ij j.i oiLiirrJ ivilli iihLmihJ fri I llis.4l iu: > of m.iliuul two (liliiLsix ihi- j■<* rir 1 .. 1 I i»id* f-.,-i 

non so inkers -75%) . :| 

• 1 hi* median tf-mb/dde/i ralei for high vs. I. . • • jJ.w ^n.-up* were 57% and 7b%, 1 r'pixAivrly 

• nf individiij. iVnli/aUon rules • 1 in'is nf ;:i% im-ige u I fl. JI fi t 1 he» rl m 11 i i-i c I r-i t'«-1 I >U- 
gin 1 ip. Mint liTfr.', (fl-lftl) for Hip mi Inin e-d . - 1 : j^iviiif t (p •;'! Ii:l. K rmx>l W.illis) 

• iVnfv.u simiiM tira-di-ispr/ hrstop or twJi_• .jig ueneiaNv. especially hefote IVF ,.i 

• Lhcrr ’.v-if. 0 *.ignlflr.ir.i »li ’■‘‘J-f siC^ in lei (iliiij'.iuii <1 moni; "''nipi 1 .'.- who W:ie n i 'nvtiwk i :r>. h ri'iJi; <>nl> 
smt' ; ’’r>. mair- ( .»;,iv * nc»h«-: s. xjvJ smoker* 

• Reduced numb r ; . of m- mroo«x>rr-s j;:J u.duo.-c pn.- nvuljiorv i.-^iiarivl oji'i.viurofioru wi.-r:• wu in tin** 
part n«T\ ofnru v.lin sruoked. bul tfi<- dLil'creute^ were no: sigmliuitU 

• Both the nm? to piegtuuky and clinical suliferuJJiy w?io associated vvi'h smoking ho'::its a_i>I uduCetior.al 
leveKof hnrh p.«itn<-r\ 

• A nu.liiv'iii iori',ir.nlySri shossi-H lh-ir p.ili'm.-.l smoking I'iil'-d hx-nrer iJw inod-l if i-i-iu almjuil.vnrinhl*-'* 

• weie. also included ip >0 l.ft did not meet the ciiieiia lor Indusmn) _ 

• Mui»-rrial s:m '•! . V-\ r 1 ■, • lies repi cLs of--m apu^reiu efiec: of j:altt rial smoking imv bt due 

to ccnfoundii . ■ .1 , > 1 

■ ^monei»ibid «u imiej . jrice or uiminLSJied cvuri in resen < s 1 } 2.31%) compared wzlr. .'Hatched 

nonsmoking controls (4.83%) 

• Smokere with normal < an reserves hud ovuHan responses and pregnancy rates equivalent to nonsmok¬ 
ing controls 

• A diminished ovarian reserve may be a principal mechanism reducing fecundity among women who 
smoke cigarettes 


Reproductive Effects 545 


Table 5.3 Continued 

Study Study period Population _ Definition of smoking _ 

Aldereteetal. 1959-1966 1,341 women who were • Smokers: 51 cigarette/day 

1995 primigravidas after discontinuing contracep¬ 

tion 


- Nonsmokers; gravidas who 
had never smoked 
* To assess dose responses, 
light - 1-9 cigarettes/day, 
moderate = 10-19, heavy -= 
£20 


. hcjJiun.'ir.ol ul August 1941 • Winn- • i. • fi -44 » [ ig irriles/'clay <1 — 10 >11' 

rj>iti fVbrUiuy year, i * f-nr male p>irtri<-is. drrhr.ro 

(Ml 'I'Viift I of rrrrus data on smoking i.y p s/ 

. ... lA iuplr • no) wf-rc. avallnjk 

* W*.rn- i ■ • -l 20 
weyk' 1 , .i i iv- 
criiitr- I r • i pirrw'al 

' ' visits I. I nalys s . , 

i ' , WAy a > :yi : ' 

■ Mon.- i •’Ocouplf-s 


SterzJketal. NR ] 97 womert aged 23-39 ♦ Nonsmokcr:; cotinJnc 

1996 years from an IVF concentration;! c20 ng/mL 

program • Passive smokers*: entirune 

concentrations ?20 ng/mL 
and <;50 ng/ mL 

* Active smokers: cotinine 
concentrations >50 ng/ mL 

(68 nonsmokers, 26 passive 

smokers. 103 active smokers) 

Van VoorhK m January l 49^ wonirr. trrated at an « bmoklng w-js deterr • - i 

.'i <il. J99f JulvlSk.'t vSsl'.tfd sr-prodiiruvr’ ■ .Taking if wome - : d'.i i • 1 

let uniques program and if yes. nmihrr r' . l> 

■, vears (i.uir'■ . “' • 

! ' cigAi'.'iii^ • r • 1 ■ 

•' ' mu hplicd 

wars thr v.. .- - 

. wtis a.rerbiirwfd 

• >.onsm‘'k»irs 'had nwex 


' ■ l'or;:inr siuukeis NidiJ qu.t 

iH-roi** lilt If rvrl^i 
•• ( i;rif*fil {.m nr iked duririg fhi-ir 
assisted rep reductive cyiM 

Uvi - in vitro f'. ' i ih-i.il i'.*' v 

i EKposed to someone ekes tobacco smoke. 
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The HMhh ConvqutncM ofSnwftfng 


Key results 

‘ Smokers had about one-half the fertility (OR - 0.5-0.G) of nonsmokers and noncoffee drinkers for times to 
conception of 6 and 12 months, regardless of whether they drank coffee 

• Nonsmoking coffee drinkers did not have decreased fertility compared with nonsmokers who did not 
drink coffee (adjusted OR = I D-1.2) 

» Coffee drinking did not further increase the risk of delayed conception among smokftrs over the risk posed 
by smoking (OR = 0.6-0 8) 


Ki'fn.ili- smrik • . • - with siibli-fniviity horh with Jh* sir>t p/vgr, 

must re-rent •.*, ,,<1.,^ t.,i„ . v _.j. £nmty (OK - l.fij 
1 No .dsmfK'.nit associ-.rlf>n’wy e found with ttulu ^niuluii'j 


jjn’v (OR .. 17) and durinij di- 


• There were no significant differences in fertilization and pregnancy rates among nonsmokers, passive 
smokers, and active smokers 

' The serum estradiol levels were decreased significantly in women who smoked when compared with 
nonsmokers and passive smokers; decreased serum estradiol conceit[rations were nor associated with 
adverse effects on fertilization and pregnancy rates in smokers 
1 There wro no clinically detectable impairment of fertilization potential attributable to female smoking, and 
other factors have a greater Influence on JVF outcomes 


Chituit and former smokers had rndneed yonadchop.n Mumil.Vfd uvari:i;i funct im compared with 

nof-.-u/.u*' 

I irre;iM‘:l tu'.imin .'xpoi iiik> weiu h-.vk Uned with< 1 h noised serum esimdiul ■ iintvturnr ions di-creaswJ :. 
number nF retrieved n(xyl°s and fewer umrityns oh:.unoil , 

Women w'-o smoked di trine, fhejr neat. 1 men.* rye Jr Jwd a .*■ [vy> rediu-jfon i:j implant ahon .uid ongo.-ng 
pie^n.incy ratrs cmrip.iTed wttn ni-vev smokers • . 

L ii(ci “f si i’ ok I ng w us assoc ta red w it); p ru long ** 1 d ti:.J <. n^e-di' pej j Jy r 11 suJvt rs*.-1- (Fee is On uv«u .ai i 
' fundjoit 
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Surgeon CencraJ’s Report 

Table 5.3 Continued 

Stud}' Study period Population Definition of smoking 

Curtis ct id. 1997 1991-1992 2,607 planned pregnan * Nonsmokers did not smoka 

cies over the previous (former smokers who had 

30 years quit smoking as of the year 

they started trying to conceive 
were treated as nonsmokers, 
except in analyses requiring 
former smokers to be exam¬ 
ined separately) 

' Smoking was stratified by 
clgarettes/day (0,1-S, 6-10, 
11-20, >ZQ) and pack-years 
(D, 0-5. *5-10, M0) 

• Data were also collected on 
ever smoked, current smoking 
habits, number of years 
smoked; and for those who 
quit, the year of cessation 

FI Mi'iin »•! *1 9 ti rmlli --..I 7 t W-m.i-.i mirli-igni i K • 10H nOllsm."k:*rv (.:» sTOnkers 

1 I00H per led in IlinS TVr ;: -,->mlnyo tTsirisfc-r Of tin: liJni: of the interview 

1,1 cyiU’ ;it friiiiity rcnliT * CiyurilbT*/djy 


Joesbury et al. January 1994- 385 couples, 4981VF 4 Nonsmokers included never 

1008 December 1995 treatment cycles and former smokers 

• Current smokers 


1 lull .et ill. 2UU'J April 1 l 1 l.fflJi pregnan: women 

IWurjtr lOStt 


* Cigarettes/day 
■ !>iniA«r:> v/eiv .niive. passive, 
u.-txrfh 


IVt * In viliu ietuluxtliuu 
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TTie Hitf/rh Cojisninences ofSrooking 



Source: https://www.i 


.Surgeon Genera/'* Report 


Pregnancy and Pregnancy Outcomes 


Epidemiologic Evidence 

Smoking Patterns Among Women During 
Childbearing Years 

National data for the United States indicate that 
somewhere between 13 percent (National Center for 
Health Statistics, reported in Guyer et aJ. 1999) and i ? 
percent (Substance Abuse and Mental Health Services 
Administration 2001) of pregnant women smoke. For 
1998, the 2tXJl Surgeon General s report gives a figure 
of 12.9 percent basod on birth certificate data (USDHHS 

2001) . The prevalence of pregnant women who smoked 
in 2001 was 1Z percent, and the prevalence of teenage 
mothers aged 15 through 19 years who smoked dur¬ 
ing pregnancy was 17.5 percent in 2001 (Martin et al. 

2002) . The proportion of women who smoke during 
pregnancy has declined over the last lOyeare; in 1990. 
18 percent of women reported prenatal smoking 
(Guyer et aJ. 2000). At the same time, smoking among 
teenage mothers was increasing. In 1994, 16.7 percent 
of teenage mothers smoked during pregnancy, rising 

to 17.5 percent in 2001 (Martin etal. 2002). Since some¬ 
where between 18 and 25 percent of women quit smok¬ 
ing once they become pregnant, the proportion of 
women who smoke around the time of pregnancy is 
greater than these numbers suggest (Lumley 1987: 
O’Campo etal, 1995). 

Moat information on smoking during pregnancy, 
including that obtained for studies on reproduc¬ 
tive effects, comes from self-reports by the pregnant 
woman. In the United States, smoking during 
pregnancy is now widely viewed as unacceptable— 
that is, women are considered responsible for expos¬ 
ing the fetus to tobacco metabolites, and a number 
of researchers have noted that underreporting of 
smoking during pregnancy is common. High rates of 
underreporting have been reported in intervention tri¬ 
als. In a randomized trial from public health mater 
nity clinics. Windsor and colleagues (1993) found a 
deception rate of 28 percent for self-reports provided 
at the end of pregnancy using salivary cutinine as a 
compart son. Underreporting can be a result of the so¬ 
cial stigma associated with smoking or the typical 
change In patterns of smoking during pregnancy. Most 
women who smoke before pregnancy cither quit or 

reduce their levels of smoking during pregnancy 


(O'Campo et al. 1995). Thus, If women reduce smok¬ 
ing levels as the pregnancy progresses, they may re- 
port the lowest smoking level rather than the greatest, 
or an average level over the course of their pregnancy. 
This underreporting, however, Is likely to move any 
positive associations toward a null relationship as this 
type of mlsclaxs location will result in classifying heavy 
smokers as light smokers and classifying some true 
smokers as nonsmokers. Researchers have tried to 
address this problem by incorporating biochemical 
measures of tobacco exposure into their studies. Three 

sLudtes showed that colinlne levels in blood collected 

along with self-reports during the prenatal period were 
more highly correlated with birth weight than were 
self reported smoking levels (Haddow et al. 1987; 
English et al. 1994; Peacock et al. 1998). 

Smoking and Ectopic Pregnancy 

Ectopic pregnancy, a rare yet serious complica¬ 
tion, occurs when implantation of the fertilized ovum 
take* place outside of the uterus, often in the fallopian 
tubes. The etiology of ectopic pregnancy is not fully 
known but involves the motility and patency of the 
fallopian tubes. Exposure to nicotine in rhesus mon¬ 
keys has bean shown to decrease lubal motility. Re¬ 
duced motility may result in the fertilized ovum 
remaining in the lubes fur a longer time which. In turn, 
may increase the chance of tubal implantation and ec¬ 
topic pregnancy (Madison et aL 1989), Cigarette smok¬ 
ing also has been associated with pelvic inflammatory 
disease, a strong risk fa-eior for tubal pregnancy 
(Marchbanks et al. 1990). It is unclear whether this as¬ 
sociation is due to confounding factors such as more 
sex partners among smokers compared with nunsmok- 
prs. or to a direct biologic effect through suppressed 
immune function in smokers (Holt 1987). 

Severai studies report an Increased risk of ectopic 
pregnancy among active smokers (Matsunaga and 

Shlota 1980; Handler et al. 1989; Coste et al. 1991; 
Kalandidi et al. 1991, Stergachis et al. 1991; Tuomivaara 
and Rumibvig 1991) (Table 5.4). QRi fd ucLlve 
smokers compared with nnnsmokers In these studies 
ranged from 1.3 to 2.5. Dose-response relationships 
have been reported in some studies (Handler ct al. 
1989; Coste ct oi. 1991) but not others (Phillips ct al, 
1992). Confounding is a potential source of bias when 
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examining maternal smoking and ectopic pregnancy, 
although most studies adjusted for some potential con 
founders (e.g., prior problems relating to fertility 
involving the fallopian tubes or prior infections). The 
association with smoking does not appear Lo repre¬ 
sent confoutiding alone. 

Smoking and Spontaneous Abortion 

Fetal loss or spontaneous abortion is defined as 
the involuntary termination of an intrauterine preg¬ 
nancy before 20 weeks of gestation; some studies de¬ 
fine spontaneous abortion as occurring before 28 
weeks. Spontaneous abortions are extremely difficult 
to study, as most early fetal losses are underreported 
and unrecognized. As many as 50 percent of ail preg¬ 
nancies end in miscarriage, and 20 to 4=0 percent of all 
pregnancy losses may occur too early to be recognized 
□r confirmed (Wilcox et al. 1988; Eskenazi et al. 1995 a). 
Furthermore, the etiology of spontaneous abortions is 
multifactorial and not fully understood. Some early 
miscarriages result from chromosomal abnormalities 
in i he developing embryo; others are related to fac¬ 
tors assoc i a red with maternal age. the pregnancy, or 
exposures (e.g.. occupational, alcohol consumption, or 
fever) . There Is evidence that smoking has a role in 
promoting spontaneous abortions, and various mecha¬ 
nisms have been proposed. Exposure to nicotine In sea 
urchins prevents the cortical granule reaction, which 
eliminates the entry of additional sperm Into the egg. 
IF this same process operates In humans. It may be a 
mechanism by which abnormalities in the developing 
embryo result in spontaneous abortions (Longo and 
Anderson 1970; Mattlson et al. 1989). Several tohacco 
components and metabolites are potentially toxic to 
the developing fetus, including lead, nicotine, cotinine, 

Lyaiildu, cadmium, Lai bun muiiuddt', mid pulycytlic 
aromatic hydrocarbons (I.anthers and Clark I99fi: 
Werler 1997). 

Several studies have reported an increased risk 
of spontaneous abortion among smokers compared 
with nonsnwkejs; the reported ORs range from 1.2 to 
3.4 (Kline et al. 1977; Stein et al. 1981: Armstrong ei al. 
199?.; Doming uez-Rojas ct al. 1994) (Table 5.5). Vari¬ 
ous potential confounding factors have been consid¬ 
ered in these studies (USDHHS 2001), Dose-response 
relationships also have been reported (Stein et al. 1981; 
Armstrong et »l 1992). Armstrong and Colleagues 
(1992) examined three strata of cigarette smoking and 
compared rates of early fetal loss among smokers and 
nonsmokers- ORs and Cis fur spontaneous abortions 
for women xmnlcing 1 tr> 9. 10 to 1 ft, and ?Cl nr more 


7be Health Consequences of Smoking 


cigarettes compared with nonsmokers were 1.07 (95 
percent Cl, 0.97-1.18), J.22 (95 percent Cl. 1.13-1.32), 
and 1.68 (95 percent Cl, 1.57-1.79), respectively. Most 
studies of smoking have not provided an opportunity 
ta explore the basis for a spontaneous abortion. In a 
study of 2,305 karyotyped cases of miscarriage that 
separated chromosomally normal from abnormal fe¬ 
tuses. Kline and colleagues (1995) found a higher risk 
of aborting a chromosomally normal fetus among 
heavier smokers (>14 cigarettes per day) compared 
with nonsmokers (OR -= 1.3 (05 percent Cl. l.l-f-70. 
Data from a study of women undergoing IVF indicate 
that smokers have a higher rate of spontaneous abor 
tUms cumpareU wiili I'lunsinukers, 42 percent versus 
19 percent, respectively (Pattinson et al. 1991). 

Some studies have found no association between 
smoking and spontaneous abortions (Sandahl 1089). 
In a review of 13 U.S. and European studies, DiFranza 
and Lew (1995) reported fairly consistent findings 
across studies despite differences in design, sample 
selection, and adjustment for confounding. Pooled 
relative risks (RRs) and ORs were i.2 (95 percent Cl, 
1.19-1.3) for cohort studies and 1.32 (95 percent Cl, 
1.18-1.48) for case-control studies for smokers com¬ 
pared with nonsmokers. 

Smaktng and Pregnancy Complications 
Pt&cenca Previa 

Placenta previa occurs when the maturing pla¬ 
centa is close to the cervical os or completely obstructs 
the os. The etiology of placenta previa is still largely 
unknown. Some researchers claim that placental en¬ 
largement among smokers Increases the chance that 
the placenta implants near or at the cervical os. How¬ 
ever, others have found that placentas In smokers and 
nonsmokers are similar in size, so differences In pla¬ 
cental size may be due to factors other than smoking 
(Zhang and Fried 1992). Zhang and Fried (1992) also 
note that a detection bias may lead to the greater as¬ 
certainment of placenta previa among smokers and 
will consequently inflate this association In many 

studies. 

Placenta previa consistently has been found to 
be more frequent in smokers compared with nonsmok¬ 
ers-; ORs range from 1.3 to 4.4 with most estimates 
around 2.3 (Kramer etal. 1991; Williams et al, 1991b: 
Zhang and Fried 1992; Handler et al. 1994; CheJmow 
et al. 199G) (Table 5.6). A few studies have examined 
dose-response associations based on the number of 
cigarettes smoked per day; one reported a significant 
dose-dependent relationship (Monica and Lilja tyyb) 
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Table 5.4 Studies on tire association between maternal smoking and ectopic pregnancy 


Study 

Study period 

Population 

Definition of smoking 

Matrmnuga and 

Shiota 1980 

January 1962 
December 

1974 

3,611 human embryos 
derived from artificial 
termination of preg¬ 
nancy 

Data were not reported 

DaJiigei mI 
i 1057 ' 

1979-H81 

340 v.Yimrn JVOwirh 
pr.nnTV ntcf ::lirv and 

170 rnuic.’ii-'J r i»ifi rtf'. 

Smoking hittuiy included 
number<>l agaieui'vtluy. 

■igc .U smuki.ip itliCiaUiu^, and 
.igi .il i. 1 ‘ss.illoii il 1 ml! quit 

Handler et al. 

1989 

1983-1987 

4,921 women; 634 with 
ectopic pregnancy, and 

4,287 controls who 
delivered a single live- 
bom infant 

• Maternal smoking was 
recorded as a dichotomous 
variable (yea/no), and as a 
continuous variable (number 
of cigarettes/day) 

• Four levels of smoking were 
considered: < f 0 rigarertes/ 

day, 10-19,20-29, and £30 

O-.-Ntr ft al 

10.9J 

During 

Wm,:«*n .-.gw: ’ 5- U 
vrvirs MJe.-lriing .'nalel- 
ntry hospitals 

Sim ■ • e •.'lavifii . - • i 

:iu; - '» . • naimes-h • 

Him . . piIon 

Kalanduli ,-|. 

199) 

I94K- |*W7 

/i. ■:* wo-nt-u 70 '-vil h 
eel*‘pic pregnant y and 
ll ! 3 CuirOo 

\h‘- -1 JII(| i ijmvhI 

:vlin - i 

jitTTgJchJ:) i. l ul 

Itfll 

October m. 
September 

1336 

1.0U1 women: who 

were hospl'.alizi'd for 

tuhtii pi tg/iajity .uid 727 

r;.-iur 1 . 1 K 

• \ ■ .ftr-d 

• LversniOKOd 

• C‘t[nv;;i and hin£j»-r- m tinkers 

Tuomlvaara 
and Runnberg 

1991 

1977-1981 

929 infertile couples 
examined and treated for 
complications 

Smoking or not smoking 


'Pack years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day. 

‘Cl — Confidence Interval. 

’Primary infertility due to tubal conditions. The focus of this study is on women with primary infertility (those who have 
uevei conceived despite unprotected Intercomse foi at least one year), diagnosed by the patient's physician and attributed 
. to a tubal condition on the basis of an abnormal hystsrosalplngogram nr a tubal abnormality identified during surgery. 
*RR ^ Relative risk- 
*OR - Odds rafio. 
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Table 5.4 Continued 


- A number of maternal characteristics Including smoking and drinking were significantly associated with 
either ectopic or myomatous pregnancy 

• Ectopic pregnancy was significantly associated with lowered parity, previous ectopic pregnancy, and 
maternal smoking and drinking 

■ Among rorn-nt sinokw s, wrinirn who hr*<i ruv:*. i r .a*i 5 ptick-ycrrs* of exposure h-nl 4 2 C1‘. I.fl 10 2) 

imifs Lh.-* r:*.P of luhsl infertility Titan women who hai never MTtokod 

• An imp v>(»Tii('ri \Vh:> tea'll bo» v an inliniUrriTn: <levity .m-d Mnokrri. tin- ItR' foi lubJl irifi'iTi'ltv v/us 6.7 
:05%CI. 1.4- 1/ ?.} 

■ There is n pnsrJillity rut both minklng and nih;il Infertility arv related tnfr.rrcrs ru>roiliirr*isr<i In the _ '• 
slu < ly. sur hi ry ■‘‘xpo;,i: r-v 1 o sexus Uv t rvu & inictvl infecioil'. [in* r.un rause Uj hill >.1.i mage 

• Women who reported smoking during pregnancy had a greater diaii iwoiuld usk of ectopic pregnancy 
(OR 1 = 2.5 [95% Cl, 1.9-3.2)) compared with women who had never smoked 

• The estimated RR rose from t .4 (95% C1 T 0.8-2.5) for a woman smoking <10 cigarettes/day to 5.0 (95% Cl. 
?.9-8.7) at ^30 cigarette < day 

• The dose-response relationship supports the argument that smoking may be a causal factor in ectopic 
pregnancy 


Maternal cigarette Amok utg was . . 
1 iTlic p.rhn'" S s-mslriM whs fxjl i • 


1 fr-pjt prvunancy ifJH - J..1 2.49) 


• Tobn-.i'C'.-.ig.’fi.t’s irKroiw-i-d ’.Jr-.- i.-i-l* of a--. *.H '•.pi-. KH - 2 .15 fl> j -\ L I. I 19 1 !< 7 ) 


• The PR rif tr.fh.Hi pregnancy J wilh hvi»i having: >rnoiw;f rrgi ire lies war. 1.3 1 IM 8) 

• I’hose w: u smnked at the ■ imt of conception had ,.i :nu m i-n» rK-; ul'iulwl pregnancy ruiHp.iri'C 

wilhi I'visrsmc-kers i9j%CI.'l i . . 

1 Hi*suits t»<icJl“r reports i.Ta greater rii;U. of -jiml pregnancy iHtvd with ctutvii -.•r reiy-m 

, miui-r ir.l smok'iiR 

■ Previous ectopic pregnancy, an Industrial ixi up uion, and smoking reduced fecundity and Increased 
the risk of ectopic pregnancy 

■ The strongest risk of ectopic pregnancy w;l, .nSGciated with a previous tubal pregnancy (9.9-fold risk) 

> Although current smukcr* had an increase J ask of infertility and ectopic pregnancy, smoking was not 
a significant indicator In the stepwise logistic analysis, so it couid be of secondary importance 


Study 

Study period 

Papulation 

Definition of smoking 

Phillips et al. 

July 1986- 

170 pregnant women; 

* Current smokers (number 

1992 

April 1987 

69 with luhal ectopic 
pregnancy and 101 
controls 

of cigarettes/day smoked 
during the month of concep¬ 
tion, and the total number 
cif y«»ars of smoking) 

• Not currently smoking 

• Former smokers (smoked 
before the month of concep- 




tion) 



while others were only suggestive (Handler et al. 1994: 
Chelrnow etal. 1996). Most recent studies adjusted for 
potential canfouiicleta including age, parity, prior Cae¬ 
sarean sections, and prior pregnancy terminations. 

Placental Abruption 

A placental abruption occurs when the normally 
Implanted placenta prematurely separates from the 

wall of the uterus, and It is associated with high rates 
of preterm deliveries, stillbirths, and early Infant 
deaths. Tile etiology ol this rare pregnancy complica¬ 
tion is not fully known, but risk factors are trauma, 
multiple births, uterine tumors, advanced maternal 
age, hypertensive disorders, history of uterine scarring, 
and prior history of placental abruption (Ananth et al. 
1996). Active smoking during pregnancy results in 
decreased intervillous placental blood flow (Lambers 
anil Chirk I99C). Smoking lias been proposed as a link 
to placental abruptions through vasoconstriction and 
underperfusion around the site of placental implanta¬ 
tion, leading to necrosis and hemorrhage (Lehtovirta 
and Forss 1 978). 

Most studies have found an increased risk of pla¬ 
cental abruption associated with active smoking dur¬ 
ing pregnancy (Voigt et al. 1990; Williams el al. 1991a; 
Raymond and Mills 1993; Spinilio et al. 1994a) (Table 
5.7). Studies have reported adjusted ORs ranging from 
1.4 to 2.4; some report a dose-response relationship, 
with risks increasing for heavy smokers compared with 

light smokers (Ananth ct al. 1996). 

Pieec/ampsla and Eclampsia 

Preeclampsia Is a hypertensive disorder devel¬ 
oped during pregnancy with proteinuria and edema. 
The more severe form, eclampsia, includes one or more 
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seizures and/or coma. Preeclampsla is a severe disor¬ 
der in pregnancy that is associated with maternal 

mortality, intrauterine growth retardation (JUGR), and 
preterm birth. Smoking has been negatively associated 
with hypertensive disorders during pregnancy, al¬ 
though the underlying mechanism Is uncertain (5a tafia 
and Sheverick 1999)- 

Studies on smoking during pregnancy consis¬ 
tently find reduced rates of preedampsia among smok¬ 
ers compared with nonsmokcra (Marcoux ct al. 1989; 
Eskenazi et al. 1991; KJonotF-Cohen et al. 1993; Spinilio 
etal 1994b; Slbai etal- 1995: Cnatttnglus et al, 1997) 
(Table 5.8). ORs for smokers range from 0.45 to 0.71. 
Some studies have repnrted a dose-response relation¬ 
ship, With the lowest rates of preedampsia among 
heavier smokers compared with light smokers and 
nonsmokerc (Marcoux et al. 1989). 

Preterm Premature Rupture of Membranes 

The rupture of the amnlotic sat before the onset 
of labor is called a premature rupture of membranes 
(PROM). When PROM occurs before 37 weeks of ges¬ 
tation, it Is referred to as preterm PROM. PROM is 
multifaceted in its etiology, possibly involving mul¬ 
tiple steps before die membranes rupture (French and 
McGregor 1996). Potential determinants of PROM in¬ 
clude infections, inflammation, physical stress, distur 
bance of collagen metabolism, and health behaviors 
such as nutrition and smoking. Cigarette smoke com¬ 
ponents may increase the risk of PROM through sev¬ 
eral mechanisms, including disruption of the cytokine 
system, impairment of immune function in the repro¬ 
ductive tract, and promotion of Inflammatory mecha 
ntsms (French and McGregor 1996) It also is possible 
that impaired nutrition, specifically the reduction of 


Source: https://www.industrydocuments.ucsf.edu/docs/zkmj0001 
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Key results 

* When current smokers were compared with never smokers and former smokers, the adjusted OR for 
smoking associated with ectopic pregnancy was 2.4 (95% Cl. 1.2-5.1) 

• Cigarette smoking maybe associated independently with ectopic pregnancy, and smoking cessation 
before the month of conception may reduce this risk 


available nutrients and cellular amino acid uptake, is 
involved in PROM (French and McGregor 1996). How¬ 
ever. confirmation of any one of these pathways from 
smoking to PROM awaits future studies. It is likely 
that preterm PROM and non-preterm PROM have 
somewhat different etiologies (French and McGregor 
1996). • 

Preterm PROM has been studied In relation to 
smoking during pregnancy (Harger et al. 1990; Wil¬ 
liam a et al. 1992; Spin file et al. 1994d), with most stud¬ 
ies finding an elevated risk (Table 5.9). Adjusted ORs 
for smokers range from 1.6 to 2.1 p and dose-response 
relationships of risk with daily smoking levels have 
been Investigated but with mixed results (Williams et 
al. 1992; SpJiXillo et al. I994d). Studies that have shown 
no increased risk for smokers generally had small 
sample sizes and inadequate consideration of poten¬ 
tial confounding (Hargeretal. 1990). 

Shortened Gestation 

A shortened gestational period can be measured 

In two ways: by the number of days or weeks of preg¬ 
nancy and by a preterm delivery, defined as less than 
37 weeks of completed gestation. One major mecha¬ 
nism whereby active smoking leads to a shortened 
gestation is through pregnancy complications. Smok¬ 
ing during pregnancy Increases the risk for and exac 
erbates several pregnancy complications such as 
PROM, infections, placenta previa, and placental 
abruption, which in turn are associated with shortened 
gestations. When a shortened gestation is measured 
In continuous days, d!/faience* between amokeis and 
nonsmokers are on the order of two to three days. 

A shortened gestation attributable to smoking, 
measured by a preterm delivery, has been reported in 


numerous studies. In a meta-analysis of 20 prospec¬ 
tive studies. Shah and Bracken (2000) reported an 
overall adjusted OR for a preterm delivery of 1.27 (95 
percent Cl. 1.21-1.33) for smokers compared with nan 
smokers. Not all of the 20 studies reported a signifi¬ 
cantly elevated risk for smokers compared with 
nonsmokers, and very few accounted for complica¬ 
tions such as PROM, infections, placenta previa, or 
others. Shlono and colleagues (1986b) studied preterm 
delivery risks for light and heavy smoker*, stratifying 
their sample by the presence of pregnancy complica¬ 
tions (PROM, placenta previa, or placental abruption) 
and no complications. These authors reported that the 

risk of a preterm delivery was elevated both among 
the subsamples with complications and within the 
sample with no pregnancy complications, suggesting 
that prenatal smoking may act to increase rates of 
preterm deliveries by causing complications and also 
by a more direct pathway. 

Birth Weight arid Intrauterine Growth Retardation 
Key Outcomes in relation to maternal smoking 
during pregnancy include birth weight. LBW, and 
IUGR. Infants with LBW. defined as weighing less than 
2,500 g at birth, have a higher risk of subsequent In¬ 
fant morbidity, mortality, and longer-term childhood 
and adult adverse consequences. IUGR. as the name 
implies, is reduced fetal physical growth during ges¬ 
tation. One indicator of IUGR small for gestational age. 
is often defined as the lowest ID percent of birth 
weights (or sometimes the lowest 5 percent) for any 
gestational age. A number t>f possible mei'liar rising 
leading to reductions in birth weight and fetal growth 
as a result of smoking have been suggested. 
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Table 5.5 Studies on the association between maternal smoking and spontaneous abortion 

Study 

Study period 

Population 

Definition of smoking 

Kline et al. 

1977 

April 1974^ 
August 1976 

894 women aged 18-40 
years, who were admit¬ 
ted to public services for 
spontaneous abortions 
(574 cases and 320 
controls) 

• Nonamokcrs did not smoke 
during pregnancy 

• Smokers smoked during 
pregnancy (0-19 cigarettes/ 
day or >20 cigarettes/day) 

•Vci - rl cl. 

. 1981 . 

f year* ' . 

. l.MJk womiv;. 2.748 willi 
sponrmr*t>us abortion.. 
and'l 340 controls who 
t.-ji'Jifj ihivr piJgiLU'r:«■*? 
frt ?H wiv’ss or mure 

• Ntvrrs*«okste 

■ Current hi inkers 

• l’uimc.’ smokcis 

SandahJ 198S 

Data were not 
reported 

2,747 pregnant women 
who consulted a hospi¬ 
tal: 610 with spontane¬ 
ous abortion, 800 with 
induced abortion, 
and 1.337 deliveries 

Two different definitions of 
smoking; (1} smokers and 

nonsmokers, (2) smoked 

>10 cigarettes/day, and 
nonsmokers 

Armstrong ct 
-n. lySj*. 

.1982-1934 

'AllJO women who hac 
a delivery or a spoir.onc 
.-.ns ahriitirni In :t mspiral 

Numbei of rlgaretrc^/div 

Domiiifc'i'V- 
Rojas o r 1 

1994 

Jinv.iarv 1389- 
JimMJtfl 

/II female hospital 
workers ;-.;.',od 3fi 11 

VC. ITS 

• .Smokers l- 10 l igjn-' Hs/day 
;j-(l .• Ill i igarollns -'rl/iv 

Ki no <*r a!. 

1995 

197i wm 

. LLb*l women: 2.37li with 1 
spontaneous abortion 

rjrul A 233 <_i>?>i[oh 

* Never srnakod 

* !■miner smokers 

- Cuirvril -hl-k,-.:, (1 13 

* Current smokers ( :- M 
cigarettes.■’fifty) 

•OR - Odds ratio. 
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Key results 

* Women who had aborted spontaneously reported smoking during pregnancy more often (OR* - 1.8) than 
those who delivered after 28 weeks of gestation 

* Findings suggest that the association between spontaneous abortion and smoking status Is lower in 
women with a history of two or more spontaneous abortions than in women without previous multiple 
abortions 

* This trend should be confirmed through Independent data before making interpretations 

■ There uvea <3 ii- i • jjm? j-elci[i..-ix>lii|j'.el Aren a.i Ijm.i rosed lisk Of spontaneous itbu.lJu..'and the iium 

hr-old W:l el It- . • . . • . ' 

* I "if- 0K of -»po• . ii'MJitiLui i:miL*it*<I b\ -Hi L-r I \ u- Hit,I i0 cignre::«-.s >nv)kod ;irid b 1 J v fo. _ n- tii:>l 

2 V CJVrm^'es m ‘ 

* 1 :iv UK :rf ipo ... rion for win.rui ivliu kiwikml '. jj:«:k/day :,twI di ii->k almi-iul dally win 
1.U8 timr-s mini •.an ahMinenl rumsmoker 

* finding’. sngg< j M Hut smoking during prv.'g'Mtny Imt not hriorr* iorir.*pUnn is.1ssori.tt.7d wi'h s|V)iit;in> , nns 

■ 1 jii 1 j 

■ There was no significant effect of smoking on miscarriage; the only trend was that smokers had a slightly 

reduced UK fur miscarriage 

■ In late miscarriages (week 20 ar later), them is a tendency for an OR above l, hut this finding is based on a 
small number of pregnancies and is not statistically significant 


• The OR (orsponT.mrouj. • 1 ■ < •. i hv a factor of I 2 for each 10 riparonc 1 ; 'd:.iy : 

• Alioiio rririMirnptirjfi w ... .1 . «v 1 rti ;ui elevaierl risk for spirit :i'ii*oi it abortIon; the 1 H< irn i*msihI 

Iiv ahefi-irnl' I ?fi :'nri'» -.1 

• Ihe assrxlailon between < ?ri and spontaneous atortinn w'js vvt-akor but siausilullY 

sigrulka it: the OK rir.ro - . '1.1 for ca:h cup day .• 

• lobar, oa: id 1 dllciuc wi • ■ > > l'i»: %pu:)lom01.s abui liim 

• There was*! dust* response ml abut.ship bi lv-rcn I'natrni.il .smoking u:ul s;k>!iU(i>j.jun .ilxnlimi: tin- 
adjusrr-il OR foi ,:1 1 cigiio-Ui^.Mjy '■min 3.35 (UTS co.-il'idenc* 1 lritrncl, I P.5 6.32) 

• CigireTTf: smoking during pregnancy was .v,scui:-.ltHl with (-hni’riuscmally nrmi.il .s|w>ni;ini i :rtLs atioilions 

■ FUilh f-inr>'r hji* 1 c. jrr>'-il smoking were hsvk i;ir**<! inversely with uiviinl:: loss i: women under 30 years of 

• age md 7 .nyilivrh- in older vvivu 11 
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Table 5.6 Studies on the association between maternal smoking and placenta previa | 

Study 

Study period 

Population 

Definition of smoking 

Kramer et al. 

1991 

1984-1987 

3.020 singleton births: 

598 with placenta 
previa and 2,422 
controls 

• Smokers: mothers who 
smoked at any time during 
pregnancy 

• Nonsmokers: mothers who 
did not smoke at any tlm* 
during pregnancy 

■ Wjlliam> rt al. 

•yin? 

A ufi > i.m 1977 - 
March lietf: • 

15,-23 ir'itlirrv 69 with 
pliiccriu nrt‘>Li a:id 
• 1 2 .IS 1 ctintrnls 

* Smi>li< vv«r iinolu.d during 1 

first uir swinitl iriiJ.esLer . 

* Three lrw s of cigi-.ietti’ 
smoking no'smokers', 
smokers ol 1 M rlgar: j 11f-s/ 
diiv and hin.Mrr«r-ot >in 
ci.iyii err-s ■ ■ . 

■ 1 brer U*m*‘ - i -:lng 

duration. t • • i .■■i.jkiis. 
si - : i .. s, rim! 

sr ■- . I -. 

Zhang and 

Fried 1992 

1988-1989 

4,646 women From birth 
certificate data from I 
slate. 7GG women with 
placenta previa and 

3,880 controls 

• Smoking during pregnancy 

• Average number of 
cigarettes/day 

-Handier nr at 

itn-l ■ 

1988- ii> , iii 

wniiw J iil4 w.ili 
plfliema previa and 

2.712 oini re Is 

« Maternal ■•rnnkinf. was 
i ft unlnrl .hs a dlcuntuir ruts 

Vi • : • . . - : 1 • li 1 H9 * ' 

;c i • *i . • . i (rumhi-r 

01 I.' I hi -i 




- Vv . ■ .- It 

it i . • • i .li-fl in 

ih atr-i'iny 

Monica and 

Lilja 1995 

1973—199D 

1,825.998 infants from 

a birth registry 

Women were classified by 
cigarette smoking during 
pregnancy as nonsmokers, 
smokers of < 10 cigarettes/day, 
and smokers of Z 10 cigarettes/ 
day 

Clnil-m.-we.l ill. 

vm 

.1 

July 1992 
March 1994 

I2*,»vgr,»mw»mrn: 

: 32 with plariTr;i prevk* 
r«nl 96 ci'iiiT.roJs 

- NivOl 1 , runner, and piascrit 
‘riiokHi*: 

• f smoker. 1 -- • J . ' 1 

* Heavy smokers - * 1 • 

'OR= 0«i raix.' 

f CI — Confidence interval. 
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Key results 

■ Maternal smoking approximately doubled the risk of placenta previa after adjusting for maternal age 

(OK* = 2.1 [95% Ci T , 1.7-2.51) 

• The ass>. liitioxi between matem - ' “rioking and placenta previa did not alter when utlier confounding 
variables were ailju ^ced for IndL. i ^ marital status, parity, gravidity, previous cesarean section, and both 

previous Spontaneous abortions and elective abortions 


VViU/iwi v\ In.i /f.f.'J :;,♦• fli\r Mvu u'Jirr.slrrn /.?' pi rgrr.uic. i h,nl .i 90% i r.i r«*.rv in j r'.k for iht. 

p rev Li •.OR - 1.9 I x :i ij i than women who Hid not impSe miring pregnancy 

i ■•:rnri;iiYii v iili nevei smokeis : • •■ho Mnn?«‘,.l ni'ronghr.Vit pr egainry r.nd a *nrefold Inrjr-nv in 
risk tre phu'PiiiH pn':vin it IK . ■ 1.2-S 111 

■'Ihf dmaiIon nf M no king w,i-» m; ■ jr-nduril rl.'Jc hn'roi- foi pj.ii *-nui whi-ii cnioking during 

im-'p.mmcy was considered 


Although maternal smoking during pregnancy might ailed plai.-eniu ptevU, the magnitude was substan¬ 
tially smaller than previously reported 

After potential confounders such as maternal age, race, gravidity, partly, and previous pregnancy termi¬ 
nations were controlled for, the OR was 1.29 (95% Cl. 1.05-1.'.$) with flight dose-response gradients 


A. dose response relationship h* - weon smoking clgai ones and pljccnia previa was oh'irrved Indupen- 

dentlv ofoth'T known risk Sk-ioi's • 

Rnyrnni wnnu'n w)n> -.rr m jP.^ci .'20 1 ig.in-llnv'ibv v u * lh<m tv»<; tiiaov rnuic likely hi ripi'nirmv 
pl.ii rma p:rvk»«o-npqrcd w|rh wrnmnkr. (OR • . ■ 71,1.5 351.1 

1'rojnanr -women who usrrl ovaine wore 1 •i.rlmrs 1 ft-7 4) as llkrly to cxnrrftmcr plar:'iila 

previa a;. :wr,uwn • . . 


• Matemal smoking was an independent risk factor for placenta previa. The OR for placenta previa and 
maternal smoking compared with women without placenta previa was 1.53 (95% Cl, 1.4-1.87) for all 
smokers 

• The feet of smoking on the risk of having placenta, previa increased with increasing parity but did not 
differ in the maternal age groups 

• A dose-response relationship between the number of dgaretres/day during pregnancy and the risk of 
placenta orevla was indicated 

- rjunfil 1 igiimllr .i iik »king vkvn cviioi i.ifid wllh o ?. fi- to 4 A fold iii'.x.viil-il iJ.sk ul‘plfuoir.i pn-vi.i 

• A ilose-resprmse rrl.ition.diip was Mi^estr-d rompaifd with never -.tnokers. the 0'< for light smokers 

was 2 |9>'V. Cl 11 S7-7.kTi arid for “esvy VTjokers 4 0 (Ilf % .Cl 0 l» l l-33. U ■; 
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Table 5.7 Studies on the association hetween maternal smoking and placental abruption 

Study 

Study period 

Population 

Definition of smoking 

Lehtovlrta and 

Forss 1978 

NR* 

12 healthy women aged 

19-31 years, 35-40 weeks 
pregnant 

All participants had smoked 
cigarettes before but not 
during pregnancy 

Viiu-J 

JSR-1 19150 

3.412 • •• ' -0. 

wiiii ijl>i ; i ■ J 

(1,223(011 mV- 

Snvikff' 'smr'Wd al <>n) 
liinr durirg fregnjii-'v 

Williams et *L 

1991a 

»j77-L3feO 

MOO vv virion: 14 Vwtth 
abruptio - lixcnt .ieand 

1,257 uouii ..l-> 

Mi 

Raymond and 

Mill; 

i9i'v iy 

30.0*1 singleLun |ircgrianr,ieb 
nr >J!8 wcoks nf gustation 

. ■ Stuukerk or r.unj-rij'jloTs 
unless otherwise iKrtixl 

♦ Categorized by packs-' 
du\ fG, vC.5. I, lil.i) 

• liCilS-b Jlllukcili fill pLld'./ 

day) " 

SpinilJ" ri ;i! 

1994a 

nxi i :»•-»i 

/lil iimni*n !■•*> v.ich .ihnip 
rl i p!»i KMlut, <-:irl T2hi 

'/<►‘itroI'.-- «■ 1 to delivi:i-d 
oelwevii 24 ji id Ki weeks- 
.•1 K'j jU<i ion 

• Nf>rv;mn-ii-rv 

* Fninirr 

* 1 1 J i.iLjirHles 'iUy 

• Hi d v-.' 

Anar.ih *’i al. 

I ASM 

Ja '• •' HC- ' 
ri. 

t? ■ 

51.567 women lurking 
dtllHna'al i (;rp from : tripiliiLs 

Si l iokei s l Lad smoV M 
during [Hr-gnu my 

CNR » Data were not reported. 

*RR = Relative risk 
’Cl - Confidence interval 

XJK - Odds ratio. 
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Key results 

• Smoking caused an acute reduction in Intervillous blood flow dF the human placenta in near-term 
pregnancy 

■ Repeated decreases in intervillous blood flow could explain growth retardation of the fetus and other 
pregnancy-related complications in women who smoke 

“ A possible effect of nicotine was also seen in accelerated heart rate and elevated btood pressure during 

smoking 

• Smc»> rig >vas Hisoclaic'tl wuh pLiteriial abruption iKK’’ 1 b [to'/c L‘1 1 .1.3 1 .ft!i 

■ i In; jVJK '.viic.'i wi<b viw!l »r y.e-u arks; oil njit* {SC. i\j idcm.cwl ! v ir \m<*k. , c*i a:ul uouvonker-:' 

• 1 he lncrej.*-c la SCA InlririlN Woinm wlu.-se pi«;^iijUick^. Wert: rojuplii. ilcd : v abo-phon wji nuL 

pi.lin'd Iiy iaauT’ial sri ciking 

• Liiefctvte ' irrr associated wiLb aurupho placentae In univariate analyses Include maternal clgamiK 
smoking, muijuana use, and alcohol consumption during pregnancy 

- Although '~r association of cigarette smoking during pregnancy was of borderline significance 
(OR* - I :i |Hi PI. | .0-2.2]), the risk of abruption rose with increased levels of smoking 

• Each pack of (Jgnrr-tres .smoked'day Increased the risk of place-ml abrupron by 40.S> (OK - 1J9 
IflS'S.C.l. Kill-l.TUli 

• Jfchiupduu :ji.njin!<l. the pennih'd "v-'" l4, v - "• •’•ns «ui I »mhi it Nil I v lilj/lu-r in offspring uf women v.iiu 

MTitikirJ -1 pjuk/rbiy 11 ,»tI ill off* i: ' -Jrs'fRR - ?..):■£ f9:V+ Cl. 1 M-otU’l 

» | f.'nsier snoking'liKTr.H jrd rhe n - -• . ■ . i jn and prnnatal death 

• Abrupik.-[tl.ici-nuv-v/.v: ns<^:::»ri i ..i . I- . : vr u‘ :**iCi-]*.ii:tl visir;, smoking tlunrij* [in-gTi:m:y. 

Kypt-ri**riviii". i’itr;i-.-rn<."'U*. dmp I . ■ r.f rei err :ibd:::rii-.i' Ir.n:m 1 

• Since almiptlnr I . highly .lwiiiri. .. .. ... :igi* .inr smoking .so primary rsk I'anor for 

prphm ■-•-llv.-'rv, the i-nTiMy'd rat-- cl p-eterii del vtr i*s among *mok*rs t i.iv In perl .ic.-m.inr I nr the 
cumlaUer, Uvwttvu •iii-.:kl , ig and a , .iiup’ , .u ol.-.t « n. «■ 

• Smoke is had j KR o r 2.05 f..-r jhiupliou and J 3fj fin . il ;«.<.) ita p. ij iuiii|muiI whfl uojisiiickcis • 

(RK-I.CJ 

• (Jiy;u-HtL j;cnok:/ij; was nor .VlraXaai-.'il will uKtriru' lilr^ditiy of unknown • ■liclogv 
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Table 5.8 Studies on the association between maternal smoking and preeclampsia 

Study 

Shirty period 

Population 

Definition of smoking 

Marcoux et al. 

1989 

1984-1986 

9ZB women: 172 with 
preeclampsia. 251 with 
gestational hypertension, 
and 505 controls 

- Never smokers had never 
smoked 

■ former smokers stopped 
smoking at any time 
before pregnancy 
• Smokers smoked 3*1 
dgiii‘ , iii , . ilijy at the 
beginning of the 
pregnancy 

i^keivirl rt al 
: IlHii 

1JIK4- IWfc 

2/1 pregnant women. 

1 36 wotiuhi wiili pret-rlarrip 
'In and 182 ccntrols y.’kh no 
hvperten vv* pregnan cy •' 1 

■ Um.hIvi 

Smoking ialm-i wti-_ 

i.ljj :<Lijw'.l as v&i.' .’iu 

Klonoff- 
Cohen et al. 

1693 

January 1984- 
Decemher 

1986 

225 women aged 15-35 
years: 110 nulllparous 
women with preeclampsia 
and 115 healthy nulllparous 
women 

Smoking was determined by 
(1) lifetime smoking history 

(ever smoked/never 

smoked); and (2) smoking 
during pregnancy (smoked/ 
did not smoke) 

Spi nil |>>v' ul , 

19Mb 

1&6I) id!i2 

• r /H ) pregnant women who •. 
h h il ::-ren.ml corn ,i nil : 
dr-lhv'etl.-it a hospital 

■. Smoked vlfl rigar^Ttes.-' 

day ,.; i 

* StuoL-.t-.l r-tOtigdi--..^.- 
day 

Sibai et ai. 

1995 

L*a*a wrr. 1 not 
reported. 

2,b*47 healthy women with 
a single fetus 

■ Nevw smoktii or had not 

smoked for >1 year 

■ Quit at the start of 
pregnancy 

• Continued smoking 

C nailing ius e( 
mL 199V 

iys 7-15:9.1 

317.fi 52 women aged 15 • 31 
veins who had had h single 
bin..; 

* NoiLMTUiker-.: ntiiKlaily 
smokers. 

• Mnrten-.(c?.-|‘iOkrls 1 9 
cl -^ui L'.’.es.' .-iiiy 

. * He j v y :>j nokc.'i. ^10 1 

djjai'' cvi::iy 

*RR- RtiaLivc: 

*€I - Confidence interval. 
’OR - Odds ratio. 
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Key results 

* Compared with women who had never smoked, women who were smokers at die onset of pregnancy had 
a reduced risk of preeclampsia (RR* = 0.51195% Cl\ 0.34-0.77]) 

■ The protective effect of smoking on preeclampsia was stronger for women who continued to smoke after 
Z0 weeks of pregnancy 

* While smoking tended to reduce the risk of gestational hypertension, the effect was less evident than that 

of preeclampsia 


' • . .• >. • 1 • ! jit preecLuni'Sia [adjustcri f.'H:'- U.lj CJ. O.lh-I 1),i in IjntJi mtik;- 

p:uu ■ 1 I 1 

* I liqh -^. 1 , iirrtxt, wjimhj; duiuig pi vgiiujiLV. ■ntc.l ii 5jm.1v hblcry cF hypcjLujriiui) were signiMcuiH risk 
1:« tors for pr (, f ramps la 


* Smoking during pregnancy was not associated with preeclampsia (OR = 0.71 J95% Cl, 0.33-1.5]) after 
adjusting for confounding variables 

* There was no evidence of a dose response relationship with a reduced risk for heavy smokers (nonsmokers 
= 0 packs/day. light smokers - <1/2 pack/day, heavy smokers = >1/2 pack/ day) 

* To identify dose-response relationships, smokers were divided Into the following categories: 0 packs, <1/2 
pack/day, and £1/2 pack/day; adjusted ORs = 0.65 (95% Cl, 0.27-1.55) for light smokers and 0.88 (95% Cl, 
0.23-3.28) for heavy smokers, compared with nonsmokem: these ORs reflect ;* slight inverse trend where 
heaw smokers had a lower reduction in risk than light smokers 

* SiroklUQ during prenmn~v u a*, j clgniJkrtm prottiUve Factor lijainM i of prvt*.Jarnp>ia 

.Vidju-'ili'il OR - ft rvvy it ri 'K-0.S]j ' 

* A hist '.ry of !'*i - • I i ■ . iutis prHgrtM!lciH>. |nw »hIcu# • - I .. . ■ .lev >24. ;iml 

•niiu-i -iiil Mho( * •.). 'I' ‘ tctori'ml^prito'iicly omikMh-'I i • :. ■■ I - ■rercl't'npsta 

■ Th J sJinly con . • i . i during pieginncy .i ; : , i • ■ ■ vever.-dM* hn:tri 

1 ful conwtinnnr^ nf siTioklngnn'prr^Mncy i.turcsntes far n'.r\ . . i • i rl'k reJui.tlrm 

* Ih' ’ was a Ktgnkiicant Irwet r..- * >■ auonshjp cigarette smorang ana preeclampsia when smoking 

history was dichotomized between current or recent smokers, and those who had never smoked or had 
quit at least a year earlier 

* Findings indicate that cigarette smoking during pregnancy is associated with a reduced incidence of 
preeclampsia 

* The highest Incidence of preeclampsia was among women who had i>*vi»r smoked (5.9%). and the lowest 
incidence was among those who had quit at the start of pregnancy (?./%.■ 

■ Material i-maki-ig was nsy.-Jaltd will* signiil-antly reduced risk.’i of mild arid severe preecbnmtia iKK - 

U.(i and 0 > res^rtivelvl ' 

- In |;n.-gjiiinde:- with severe prerckimi-sici. .m» jkixiv J 10 i.i fin ettvs-'ilriv was ur-sur i.ilird with iiv.rr^or.-.1 idii::, 
nf perinatal luurlulity '.ion. 2-1 ?n per t.OOOi. abnjplio fi iicx-uiTcnni 31 67 per l.CfXl). a: k! itiul! for 
gr-lahnnul aye iSL-A) iti'or.l:* iTvoni 28 68 : />i 

* Smnkorsjn '-‘.■fuir: preecldtriosia rleveioiK M.ivt* wn, high rfc.-:.*: o; prrloaiyl mcrtnliiy, aoruprn yla rental, 
‘and \f.A mlxiilr 
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Table 5.9 Studies on the association between maternal smoking and premature rupture of membranes 


Study 

Study period 

Population 

Definition of smoking 

Harger etal. 

1990 

1982-1983 

594 women: 341 women 
with PROM’ and 253 
controls 

• Cigarette smoking only 

• Nonsmokers 

♦ Stopped before pregnancy 

* Stopped during 
pregnancy 

♦ Current smokers 

Willi-liiii. el 

August 1977 

3 J>: f moth <*ra wlio de 1 i «■ <n rd 

•, .. . - ,f 

al. 1992 

M. irchlSWj 

■ iii 1 h' , pi(al: 307 with 

PROM. 1*8 jrcLwiii nun- 
py.uM niolh'jrs, ju* 1 Z.Z:x2 

cuntruL, 


bp ini Ho etal. 

I994d 

lsWH I9'I2 

4Ua pregnant women: 

138 dlagiKived with 

Idiopathic premature 
membrane rupture and 

267 controls 

Data worn not repoitwi 


*PrGM- Premature rupture of ment brant*. 
r OB — Odds ratlft. 


On the basis of animal studies. It appears that 
nicotine acts on the respiratory and central nervous 
systems of the fetus and concentrates In maternal and 

fetal blood, amritotic fluid, and breast milk (Lambers 

and Clark 1996). The physiologic effects of tobacco on 
Fetal growth may result from the vasoconstrictive ef¬ 
fects of nicotine on the uterine and umbilical arteries 
and an increase in carboxyhemoglobin, leading to re¬ 
duced oxygenation of the fetus (Lambers and Clark 
IB96: Werler 1997). Nicotine may have a direct toxic 
effect on the fetal cardiovascular system resulting in 

reduced blood flow (Bruner and Forouzan 1991). Ab¬ 
staining from smoking for 48 hours during the third 
trimester increased the available oxygen to the fetus 
by 8 percent (Davies et al. 1979). Cadmium from ciga¬ 
rette smoke accumulates in the placenta and leads to 
morphologic and functional impairment (Sikorskl et 
al. 1988). The fetus is likely exposed to the cadmium 
because this element has been detected in cord blood 
(Chatterjee et al. 1988). 

Some researchers have argued against a nutri¬ 
tional effect of smoking on reduced fetal weight and 
size; smoking mothers have been found to eat more 
than nonsmoking mothers, and an increased energy 
intake does not prevent IUCR (Muscat! et al- 1996). 


Furthermore, tricep and subscapular skinfold measure¬ 
ments of infants of smokers were found to be normal 
and/or similar to those of Infants of nonsmoking moth¬ 
ers (Harrison et al. 1983). In fact, infants of smokers 
lose lean body mass and not adipose tissue, which is 
consistent with the hypothesis that maternal nutrition 
Is not a mediator of this effect. Hypoxia has been sug¬ 
gested as mediating part of this process (Harrison et 
al. 1983). 

The primary mechanism by which Dinh weights 
are reduced among infants of smokers compared with 

those of nonsmokers is through fetal growth restric¬ 
tion. Birth weight and LBW, however, were often ex¬ 
amined for research purposes, as both are available 
and reliably reported Tor nearly all infants. Accurate 
detennlnadon of 1UGR, however, requires an estimate 
of the gestational age of the infant, which is subject to 

greater uncertainty and mis re porting 

Reported birth weight differences between In¬ 
fants of smokers and Infants of nonsmokers are sur¬ 
prisingly consistent across studies and populations 
(Simpsnn 1957: Butler etal. 1972: D’Souza et al. 1981: 
Sexton and Hebei 1984; Backe 1993; Bardy et al. 1993; 
Wdcox 1993; ELiard et al. 1996) (Table 5.10). On aver¬ 
age, women who smoke throughout their pregnancies 
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Key result*. 

* Current smoking, antepartum vaginal bleeding In more than one trimester, and previous preterm delivery 
were independent risk factors for preterm PROM 

* The OR 1 For current smoking was 2.1 (95% Cl 1 ,1.4-3.1) 

■ Smoking cessation by pregnant women may reduce the risk of preterm PROM 


• Thf RJi» ul'preiiT.n l':?i)M ii'i vMni.ru * Jiu reiim fed «v k. lu viiig siiiokril «Um iiij; ,jiegn<iniy i oriip.iirrl 

• wit;:. t!•*itt\uinkers w.i. I 0 ill 5 Vi-.Cl. . .1 2.'ll 

• Nn gr.idicnt hetwevr. th* 1 mimhc-i rlg-m-iTco'dav and the rls< rf prrterm RKl )M v-'f'i observed 

*' VVnm*n whosmukrci nj/lr g pregnancy h.:d an liiereas»>1 1 isk o‘ preterm non I'KUM (.ic1;ur.ird UK - i-! I 

fy:irv c.i. j t :t.i|i * ' 

• Previous preterm deliveries. preeufainpsia. low social class, rivm-'nal smoking. hi^li body inns'; uidex. Isl 
and 2iul-3id lilnnatei heuiiin hagres, maternal anemia, and incompetent cervix were significant risk factor* 
for preterm PROM 

• Cigarette smoking and reproductive history were significant risk factors for both early (<32 weeks) and 
late (>32 weeks) PROM 

*CI = Confidence interval 
*RR = Relative rbk. 


have infants who weigh about 200 g less than infants 
of women who do not smoke during pregnancy. 
Women who quit smoking early in their pregnancy 
have infants with similar weights to infants of non- 

smokers (USDHHS 1990). Thus, the evidence on birth 
weights after smoking cessation by the mother sup¬ 
ports the hypothesis that smoking contributes to 
lighter infants. Numerous studies also document the 
association between active smoking during pregnancy 
and LBW (Hopkins et al. 1990; McDonald et al. 1992; 
Malnous and Hueston 1994). Only a few studies have 
not found an association between lower birth weights 
among smoking compared with nonsmoking mothers, 
and numerous studies have demonstrated a dose- 
response relationship with the number of cigarettes 
smoked and the degree of reduction in birth weights. 
Studies with biochemically measured smoking expo¬ 
sures (e.g.. cotlnlne levels) also have confirmed, In an 
even stronger dose-response pattern than that seen 
from self-reported data, the relationship between pre- 
natal smoking and birth weight (Iladdow et al. 1987; 
Bardy et al. 1993; Li et a(. 1993; Eskenazl et al. 1995b; 
Peacock etal. 1998). 
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The greatest risk of subsequent mortality and 
morbidity is among infants born with very low birth 
weight (VLBW), or weight at birth of less than !,500g. 
VLBW occurs In approximately 3 percent or Fewer 
births; thus, very few studies have a large enough 
sample size tn be able to break out VLBW Infants to 

examine the association with smoking. Hopkins and 

colleagues (1990) examined the association between 
smoking and VLBW for births tn Ohio for 1989 and 
reported elevated risks (adjusted OR *= 1.4 and popu¬ 
lation attributable risk = 84 percent) among smokers 

compared with nonsmokers More recent reviews, 
however, suggest that the effect ofsrnokfng during 
pregnancy on birth weight is primarily on Infanta who 
weigh around 2,500 g and that smoking does not sub¬ 
stantially increase the risk of VLBW (Shiono and 
Behrman 1 995; Sirotnno 1999). Further studies are 
needed to determine whether and how smoking dur¬ 
ing pregnancy is related to VLBW births. 

Hie association between smoking and IUGR also 
has been demonstrated In a number of studies 
(Cnauingius 1989; Ferraz el al. 1990; Wen el al. 1990; 
McDonald et at. 1992; Backc 1993; Bakketelg et al. 1993; 
Lleberman et al. 1994; Spinilln et al. 1994c) (Table 5.10). 


.Suqgrnn Cmerafs Report 




Tabic 5.10 Studies on the association between maternal smoking, birth weight, and intrauterine growth 

j retardation 



Study 

Study period 

Population 

Definition of smoking 

Simpson 1957 

1953-1955 

7.499 obstetric patients from 

• Nonsmokers did not 



3 hospitals 

smoke 

• Light smokers: 1-10 




cigarettes/dav 

■ Heavy smoki'f. >10 
cigarette day 

Bin ler oi fil 

March 1958- 

1C. I94 sinpl'Ton births 

* Nonsmukeni did nt*:' 

•1972 

Miiv 1958 

mniHiii i • (k and 

Miiijkr 



. V.ihjfJ In , hinuuir.il 

* .Smoke is. f.nu ^rvu.-.'N 



<Jpo(hsf> H i. Juilundf 

Ui'-fil mi trie .lU'.'jy,' 



Follow in., . .i . •• is 

number d cipareltes 
smoked 11-4. 5-9. Ill IT:, 
ao :R>; 

D’Souza et al. 

NR’ 

452 mothers aged 19-35 

• Nonsmokers did not 

1981 


yeai s, who attended 

si nuke 



antenatal clinics and 

• Light to moderate smok- 



had normal singleton 

ers: 1-14 cigarettes/day 



pregnancies 

• Heavy smokers: >15 




cigarettes/day 

Sexton i-Jtd 

2 Vi'- wars 

y35 worrier. aged 11 i?. 

Women were c lassIllKl hv 

Hebe: 19H‘. 


rear''* .4U:i, ri » «’■ in*; 

rH-.':i.. n .>r...ru»c,iM:i.i',V 



smoking rryvjtion mUtfvrn- 
r Lot is and 472 control? 

fiiw ;0.1-6.C-10, 11 2ft. >2ft) 

tvlurun and 

May iSbd- 

5,891 antenatal patients 

i'obaccu smoke exposure. 

Bracken 1986 

March 1982 


none, passive (exposed to 

someone else s cigarette for 
at least 2 hours/day), direct. 

and r virtue and dirrrr 

lladdnw et al.. 

.tils 1980- 

2ii w. • 

bimu-iprj were classified bv 

HIS Y 

hnir 198‘J 

and *\ lirrf,, , 

repotted dally •i^aieile use 
and seiutu cotiniin* tetris 

'NR = D*iUi ••»-:« J*iUtepur' ,, 'l 



T RR = Relative risk. 

’Cl - Confidence Interval 
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Key results 

« Incidence of premature births was twtce as great for smokers as for nonsmokers 

* Prematurity rates increased with the number of cigarettes/day; the highest rates were for heavy smokers 
and the luwest weit fm iiunsiuiAei's 


Mortality jalo for Lie fcUl ulus i»jm.iLiI ill ji I'oid-j)^ (u dir .ivi-juki i number ol < igtifc: I 'day. 
rJ'.ouril Li)ut lln.“ diaiii rate w;e> lowest fur iiufiSJnofiu>, ml* rtm.ilial* Ibi" lhiv*i: SDinkuij! i '.<> J ci^uu tLC:*/ 
rltiv. ur'.d iiighrst azrung ihnsc Miiokng >J c.ipojvncy-'rLjv 

Si11ok tit li.ilnls f.siaMi.slicd nf rlirend of lfi«: fourth nfpregnnrirj'had <irr clTirl r.in {jcritubl T inrLj!- 

itv ijidejjendrjil r>f nul!Tti;i| prrfirrgnuiry smoking habits 

iltiut^iiy. ih"- ell«:t r>ri I*irt h wiugliT ot smnklnj; hnrore imgnancy tv-rame non‘‘,ign1(i*.vil >ltiT taking in in 
a; count iho avorago rvtnixr of rlpj.-jrcihv: *im r iU?vl rrquhirly sttrr th _ frairrh month 

Heavy smokers gained significantly less weight than nonsmokers, but there was no significant difference 
in skinfold thickness 

Babies born to smokers weighed less, had smaller head circumferences, and were shorter than those bom 
to nonsmokers, but skinfold thickness was similar 


* The 11 -.':! i merit group rlfunls (rid <i mean hmli we In hi *iif g heavin' and were 0.<i o.n longei than ihr itinnol 
liilah •' 

* Then- wen* no diffvimci-i '.w.iww.'il lliv 1 v,> v,ii:\sir-. Hi head nfmi'nrtii*c»< u\ u^iviiic-rud .►> 0 *, ;r, 

Apg.it sroii^ ' 1 . i. 

* Find . i. iv.( that :«i >mc fdal iv. ih fr;i onfall or i car la- ovrn ijrin: try .smoking russatmr d-i»i star ice in 

pr-rg . ■ ien • 

* The oi jow kilrth weight tor passive exposures to smoke compared with unexposed women was 2.1) 
(95% Cl*. 1.05-4.5) 

* Those passively exposed to smoke delivered infants 24 g lighter on average 

1 The risk of low birth weight at term attributable to direct cigarette smoking was 3.54 (95% Cl, 1,62-7.71) 


* Ik:th cotinirjf It 
toil nine '.orrvl 

* VV i ;iucii who 

* Women with I 
women wiili i! 


evdt and smoking tibiurv wen■ Mgiulh.»m[lv associated With Mx/iiced birth weigh!. but 
V ilijJuUy IjRMLor 1 1 1 

2 j tigiuelwv day U.kJ infants 289 g lightei Uianuuttt.mukefs , 
u LotiuitiL liiviOv h dSl bad Jtiluriiv who wore -111 .y .ighli-r than i:iiu:its of 

col i: 1 1 1 K: levels (24 itg-HtlLi 
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Table 5.10 Continued 


Study 

Study period 

Population 

Definition of smoking 

CnattingJus 

1989 

1983-1985 

280,809 live births to 

women aged 15-44 years 

- Nonsmokers: nondaily 
smokers 

• Moderate smokers: 1-9 
cigarerres/day 

• Heavy smokers ?10 
cigarette? May 

AluntiiLi 

Cvumv I.OW 
birth Weight 
irmly Croup , 
JSflu 

MK 

.? 11 bl.n k and .129 white 
singletnti m.fr.nr, nf ivtcnvil 

frillfr w i,»hr m leered 
i.iririoNi.ly , ' 

. : Mii<.'kin>; during 

• rdid uoi smoke 
■ ii 'y .it Lie beginning 
; i i .•grwu.v- ufT JJttl on 

».’,J.. ..‘iinl.-uly 

Ferraz et a). 

1990 

September 

198 4-February 
1986 

MOt) iujg'.cccu infiuis; 

429 preterm, 422 with 
intrauterine growth re tar 
dation, and 2,555 controls 
with normal birth weights 
and gestational ages 

nr 

In* ci ul. 11.190 

NR. ■ ' . 

7 1 '1 iliililu-ri winMr tumlins 
srunkec at ihv beginning c.T 
pnrgmney 

- vVvmtti. • .nnkvd 

d-.rouy, :• pregnancy 

*. QUtlw ■ i- n wlio 

fvjjom i 4teA/rfay 

' tiiTVi 

C'nDfrH'l 

I lopkins et al. 

1990 

January 1989- 
Junc 1989 

74,139 singleton infants: 

62.732 white Infants and 

11,407 black infants 

■ Light smokers: <9.5 
pack/’day 

■ Moderate smokers: 0.5-1 
pack/ day 

• Heavy smokers: >1 pack/ 
day 

Wrn .‘1 i«l • 

1990 

Jarmi.jy 1983. 

Jiiniiarv 1988 

1 nirtlm frr.rn women 

who received prenatal car'* 
ami who rlrllvrrvl iir 1 
hospital 

liignrolu. use- during ihc- 
firetytaricr/ rhe fii":>f 

visir 

McDonald et 
al. 1992 

NR 

40,445 single pregnancies 
from a survey 

Women were classified as 
nonsmokers, smoked 
< 10 cigarettes/day. 

10-19 cigarettes/day. or 

220 cigarettes/dav 


KIR = Odds ratio. 

“SGA -= Small for gestational age. 
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Key results 

* A.significant interaction between maternal age and moderate or heavy smoking was observed for the risk 

of having a SGA* Enfant 

• The RR of SG A for heavy smokers vs. nonsmokers was 1.9 in the youngest age group and 3.4 in the oldest 
age group 


• ih« J'cK of L'-v III! ill V.rig? i < 1 : b;*i.K :»iiu»ki."Moiii .mi <•<] black ii:iiivTH?kii s \v.«s3 » in ■,v' i iu*.Mii<ik**is • 

it v. a.s 3 CJ ' 

• kR cl torm low b1?tlt weigh; i.intrautujlrL? growth vvluc'hlioiil was 4.5 in. blank and 5.! ;ri 

while sii.LiJo'rs, .. 

• CnjiLhng hfii.-.ki'ig in ilir- Ihst ?. nvmlli.-, r.f pivgtiHni*v wav a:,v.. i-Uid with <■ I.hv^i k’K fr»r low :-irth u-fighT 

for black mid whin* hibins ‘ 

• Sun/' i ug. a l iHUvy v.vrkLaJ tl ..rag pregnancy. <3 or >1U antenacd \ iiLS. and any gestational or intrapar¬ 
tum < oni’j.ji Elions w-*rt uss'»i;t.ed with higher risks of preterm and intrauterine growth-retarded births 

• For preterm 1 aso;., the adjusted OR 5 associated with smoking during pregnancy was 1.5 (9596 Cl, 1.2-2.0) 

• For Intrautenu? growth retardation, the adjusted OR for smoking during pregnancy was 1.5 (95% Cl. 

1.1-2.0) 

- by 3 years of age, ■•'i' rbiliiruri of wurnnn who had ijuil smmiiiu during prcg:iiiiiry we re uillur :itk! heavlei 
than those of w:':men who f ind smoked ihrougiiouf die pregnancy 

• DirTerelints iii weight lull mi in bcjphr were :».vt]v atrounled for hy ill ' 1 po>dji:inii.'fi marenTil -xnokin^ 

atalus ; 

• Rl'.sllkv •■.Ilggiu'. lliHt di'fn:iK ■i^rfd uilh maternal Ml ink iltj ;*re fiut m uriMIllt' 1>V ol and 

surneol the ohsHiveil nr'lliniptriietrir dHiritN may he e\-| elisions of dHic-iK In fetal growth 

• infants born to smokers were more than twice as likely to have low birth weight as infants bom to non- 
smokers 

• The rbk of low birth weight increased by the level of exposure: adjusted ORs - 1.8,2.2. and 2.4 for light, 
moderate, and heavy smokers, respectively 

■ For both blacks and whites, risks were directly proportionate to smoking levels 

• Smoking lowered birth Wrights l»v Jciieasing haul gross I h and h> ’.Ovs rrifjg girtlsUi-jr'iitl Mgc at 'lelntry. 

■ TTic e.fle'f >/. as slijnilicrtfi 1 ;• o renter a.s Tiiai.rrruil :igi- ir.r raised: smoking was .iv.iM inter I W.(h ;* fii'tfold 

".icrease’.l vtsk ol growth i eliidation m wf.men aged :-35 v-sars, liu. less » twofold ri.sk in women 
.lgwl •: 17 years • 

• Sir.okiriH reduced l ,ii th ssi-ijyils I!v< g In vrmr.grr iinrrpn, :*nd l»y '<(lt j» in wom>»’i I y»*:«s . 

• The risk of low birth weight for gestational age (LBWGA) increased substantially with smoking: for every 
10 cigarettcs/day, the risk of LBWGA Increased hy a factor oF 1.51 (95% Cl, 1.44-1.57) 

• Smoking accounted for 39% of LBWGA cases. 35% of low birth weights, and 11% of preterm hirths 

• Risk was reduced for women who decreased their smoking and who smoked before but not during the 
first trimester 
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Tabic S.iO Continued 


Study 

Study period 

Population 

Definition of smoking 

Wt-rlei et aV 

1992 

1970-1990 

2,657 infants from a surveil¬ 
lance program on birth 
defects: 76 with gastroschi- 
sis and 2.b8l controls 

Smoking was determined 
by the number of cigarettes/ 
day during pregnancy 

fijcJ.flfiftS 

• ''U18H IDS?)-- 

1.903 wo:m*ii in 1 county 
wh.o dtll'.v.ivd due mu a 

l 11-4! pi-IMld : 

I'Ih* iinmboi c>: rig.v * m 
d.w (JJ. 1 f- 6-11. Il- ?«. 

-7i v 

Bakketv.g vt .■! 

1993 

Ja.tni.rv ] ‘J.Hli 
M.iTf > 1UHK 

‘•.riV pn'-gnani women 

Miiii-;mv wn' iHii -,v?iu ,h( 

Jirs.t visit fvp.i'f le.l daily 
.smoking ;u the tirm- (•: 
ronrepiion 

(•■oriv -*! a| 

. Feb r; hit. 193’- : 

1,23/ piryodin ik'.s .ml 

* N'liriimnkfis: *i.n] it*.»l 

1993 

Mart-h I99J 

riHwIiiirris. epn-soriiing .ill 
live Irrth pri‘grj;inrhr. 
during 1 w<-ek In ] councr, 

* QiiIUo'tn: sTiiokni] durng . 

• • t]|*> first rrl-rv^rer ; .od.: 

then quit 

♦ Sinoknii.'- iimn-tt J ..luring' 

. Uk- ciitln:-prrgn.i ;..v 

Cnattingius et 
al. 1993 

1983-1988 

538,829 wonien with 
singleton htrths 

* Nonsmokers: nondaily 
smokers 

• Smokers: 1-9 cigarettes/ 
day and >10 cigarettes/ 
day 

Lift il 1993 

laSK-iosi 

1.27/ wonim <32 wi*vks . 

:n .‘gnijitl M rn: first f):vria- 
. ml viVit to it .:hr.k 

SlnukfJS t i( her fljM 
prClHI.ll visit ii'pnilrd A\ 

• leji.M rrir.p\i“ frnm » _ 
rlgarertr In fhi l.isr / rLi\-\ 

arid /or hnd a :>.e»eline or 

f 1 j 11 ;>\V ■'.p -.’Otill l?>: Iw 1 of 

j -• 31.1 rik^ml 

Wilcox 1993 

1980- L984 

26U,iAJU white singleton 
births in 1 state 

■ Nonsmokers: mothers 
who reported no smoking 
during pregnancy 

• Smokers: mothers who 
reported smoking il pack 
of clgarettes/day 

■ Smokers of <1 pack were 
excluded 


4 5GA - Small for gestational age. 
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The HeflfthCnnsrejuentts af Smnfcng 


Key results 

• Cigarette smoking w» not associated with gastroscliisls 

• Age-adjusted RRs For smoking and coffee intake were dose to 1.0 

- There was a strong Inverse relationship between maternal age and gastroschisis, with a 16-fold Increased 
risk for the youmyesr mothers 

' • S'"io\>:'rs ex|»-ii>>rned » mean b»j ill weigh: Im.-ainnem of J82 y (jrij-.rtted for |vmry and agri 
. * There i:i .1 i.t<r,p lespojise effect of the fiumbtj of dg;uL , «(”i- , VJay on inrth weight .ir tin' first visit 
■ Tt.- !<Fl *vx SO.Y r.uv.boi ns o’. juvoki is villi *,v.ir-. of ; gi- was nut slyrihn nnt, w’.m-.i v<is w.»in.*ii rtgi'd 
vnrs had a KH 

• Moih'T > who ariuki-rl 11 $»; ircne*. .iro .ml the rjrnr ntfonr.rr.rj-.nl i#..n| v ilouLk.L rhrii I isl*' oI SfjA births 

• If thi rt:olh**r ii.io'-.rtj :ui«i h.'K'I < provUm*: Jr.w hlnh wi-lght ■ k-):v--rv. ii>e Kk iuV- 1o iu;.irl\ 

• Low fJinpivgii.trirv weight ami smoking t-.u-.'lJwi i'lVivd Un- tbU ol a SUA birUi iduil'-.JU 

• i'nhwcu ■•jtpns-j-o was u?LSf>cl,Vfvl with shnrh-i grMaimnril aye reduced birth wvi-.ui arid ahwrrr i i v. 

heel length of newborns: exposed tie who; • hi r.Vrinvt* 188 ij lighter, and l'.Jrrirrish-)rle'rilMriinirK- 

[IC VVlNiin^ 

• M.ii.!iii;d mcti hi k‘ 11 > iMHitmtions wxpjuixie : - ■■ r.atnj fitidings brrtrr than the reported smoking lubils 

1 Thiu't war, a quantitative dose-response with tobacco exposure. .uni a dm ease in gestation;-1 

Age ol birth am* In the size of : u e‘ rieonaie 


• Among multiparous women, smoking increased the ORs for low birth weight and preterm di'liveuy by 2.4 
and 1.6, respectively: the corresponding increases for ntilliparous women were 1.7 and t.l. re.spittvely 

• With advancing maternal age. there was a smoking-related relative increase in the ORs fex L'O-A b rths 

• The age effect on the relative Increase of low birth weight, preterm delivery, and SfiA hin I: •> w. l-, j.»reaw 
among nulliparous women than among muItlparous women 

• inhuit'i bum to worm 1 ii.wfro ti.it 1 ijul snicking had ilie highest mean birth vveig’ir, I'olljwed by hithots 
boi u to vvorrx' . "i d retimed th-rir ■irmklng. <inr! women win »|IJ not chtjige tJirir rriKkinfi behavior 

• Although stik - -.lion increased infant gestational agr atdeiivLivbv 1 week; reducing vinokinu had 

i.ri*ffe~ _ _ . ' 

• Coil nine va"i:ci. ■' iking reduction rare-s were positively as'-ocijtcd will, un iiicrsusi 1 i:: birth 

’■■'••ighf , . 

• Infants of mothers who smoked £1 pack of cigarettes/day were on average 32D g lighter than unexposed 
infants (3,180 g compared with 3,5U0 gl 

• Perinatal mortality for infants of smokers was 14.5 pw 1,000 compared with 10.4 per 1.000 for infants of 
nonsmokers 

• The RR was not uniform across birth weights: among infants less than 3 kg, weight-specific mortality rates 
Were lower for exposed vs. tinexposed infants, among heaviei infants, the risk was reversed, with mo< lal 
ity higher for exposed Infan is 

• When standardized weight-specific mortality rates are compared, the pattern becomes more consistent, 
with exposed infants showing a higher risk of mortality across all relative hirth weights 
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Table 5.10 Continued 




Study 

Study period 

Population 

Definition of smoking 

Lleberniau et al. 

1994 

August 1977" 

March 1980 

11,177 women with single- 
ton pregnancies from a 
hospital based cohort 

Women were classified 
as nonsmDkers, smoked 
throughout pregnancy, 
smoked during the first 
trimester only, smoked 
during the firat and serand 
trimesters only, and smoked 
during live second and third 
trimesters or during the third 
trimester only 

Mciifirms 

HlU-Mon 1 J: 1* - 

ifisii 

4 876 y.- friii tui n/hci j.jhv** 

hNh ' 

• M'.'tifinrjl'.vix d.rJ rot 

Mtiuke tigareffes ;<l all 
dining Ihe yvir Ijcfnre 




* .Sicukc-rv: (1) those w;io 
sfbppe l - . g during 

i.K'ii.-.: ... Mur 

j:uy.ru. . host* win. 

. rtmtiriu. .J In L! 

beyend thi v first tritrir-:-.tfT 

of ..IVgll.lll'.Y ' 

Spirvtllo et al. 

1994c 

1988-1992 

1.041 pregnancies: 

347 with fetal growth 

retardation and 694 controls 

Maternal smoking was 
classified as none, 

I- 10 clga rettes/day, 

II- 20 cigarettes/day, and 
>20 dgarettes/day 

Ksketia/J er :il. 1 

Hki.V- 

1% 4-1967 

iih gri.i'ii won i-ri 
around 27 weeks nf 

gestation 1 

» Si. Jokers c uiicnl M)K.‘ktr s 
at hit: time u f in ter. 1 levy :i 

• NoJismokf.'*: nevti 

crnrilc*.lor h.«l rpiil h-f-.f* 

the f>rriTiijnrv 

J S(xA - Small for gestational age. 
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Thf Health Cdnsiqiiamof Smoking 


Kpy results 

• Women whu began smoking during (he second or third trimester had an elevated risk of SGA J births 
(OR = 1.83 (95% Cl, 1.25-2.671) similar to that of women who had smoked throughonf pregnanrv 
(OR = 2.2(95%Cl. t.$-2,541) 

* Risks lor SGA births Increased with the number of cigarettes smoked during the third trimester 


'.Vn;f' • .•. lid i\\<( l '.nv7-k<' duritu? progn/.ncy were U“w lik-Ms i\.' give birth pri:inobtfvtY -W.fl vs. 8 2%) 

or-lo(**vmi ih to ;■ ]r>'.v hiith weight baby (5.5 vs 8 uinn wv.nr.n who smok-d nt soiik- ritm during 
1 lir v>.* - hr-tiirc hlith 1 

Compared v.tih those. who MniAwi heyivil '.r.t' flr>i ■ • isTietM.i'r. thu'o* win-. -jim Mimkiiig v*i\hii» tm* fir-.t 
trimester Inui mill! rl’.ns ill tf'.i' pninorriiin of prHerin ilnlivi-nes ft:./ vs 9 1'Vl mid ftr.v hlir- wt-ip.fiT 
infants f7.9 vs 9 6%) •; • ' 


• Fetal growth retardation was associated with maternal smoking (OR - 2.87 {95% Cl. 2.17—3.81) 

* Smoking-related risks of fetal growth retardation were increased in the case of a male fetus, nulliparity, 
maternal age <20 years, a history of first trimester hemorrhage, and low prepregnaney weight 


4 CorufuVvd 'iV'.th nUnts *i mii-sp'robl uonswotei-s. v.'/nitfsof -xpitvd nnosinukt*! s v.viyhfi! A$ ,< r ivv-. 

tin avenge • 1 • ■ ; ’ i 

4 liifriif'i ■ ■( si cokers weighed u--average 78. I !>1 and 23$ g less lor the lust, second, and third coiinliv 

teitilw* ii'xpe-.tki/ly ' ' 

4 Hli'ih weight H re rearm'd I ;* for *v*iy incie.*s#> in iihnnnm) r.f- mill I liter of rotinlne 
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Table 5 10 Cottlmued 


Study Study period 


El lard ct al. NR 

1996 


Mummer '• iayD lf)Sf. 
s*L 1996 


Peacock ct August 1982 

at 1998 March 1984 


Population 


Definition of smoking 


3,038 mothers who gave 
birth to live singleton babies 
after 28 weeks uf gestation 


1.339 pregnant women 


1.254 white women seeking 
antenatal care from a 
hospital 


4 Smoking was determined 
by self-reported daily 
cigarette use (0,1-12, 
>12), and urinary nicotine 
metabolites/creatinine 

ratios (0. 0.01-11.0. >11.0 
(ig/mgl 

• Proven nonsmokers; 
reported nonsmoking 
status was confirmed by 
negative urine tests 

* Proven smokers: rer 
ported smoking was 
confirmed by positive 
urine rest results 

4 \r#nsn:nk«ns: did not : 

■ vp'tirt \i imkuig at any 
rlrm* dm lrig (/regriijiuy, 
oi lui-.l ’)lu;ip»-il bv Id 
week? of yuvgnawv 

4 Smokm: i clgartw/ 
«1i-.v throughout entire 
r-regnanev 

Number of cigarettes < I :iy 


a SCA = Small for gestational age. 


The RRs range from 1.5 to 2.5 for smokers compared 
with nonsmokers. Several studies demonstrated dose 
response relationships of risk with the amount smoked, 
with the highest smoking categories showing RRs of 
5.0 to 9.9 (Wen et al. l$90i Bakkctcig el al. 1993; 
l.iebeiman et al. 1994; Spinillo ct al. 1994c). Most stud¬ 
ies adjusted for numerous potential confounding fac¬ 
tors and still reported strong associations and dose- 
response relationships with dally smoking levels. 
These associations with active smoking by the mother 
may be underestimated as a substantial proportion of 


w omen in the nonsmoking control groups are exposed 
to secondhand cigarette smoke. Exposure to second¬ 
hand smoke also reduces birth weight, and removing 
the group of passively exposed women from the con¬ 
trol group increases RRs (Martin and Bracken 1986). 
One study examining the contributions of smoking, 
energy intake, weight gain, and fetal growth reported 
that the effect of smoking was independent of energy 
Intake {which was higher In smokers) and weight gain 
(which was lower in smokers) (Muscat! et al. 1996), 
Thus, this finding supports a direct effecL of smoking 
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The He.ifrh rnnseguenew of Smoking 


Key results 

• Adjusted birth weight deficits of babies born to active smoker averaged 226 g (95% Cl, 194-258 g) 
- Dose-dependent effects were only apparent when nicotine intake was based on urinary nicotine 

tneiabolites/creatinine ratios than on self-reports 

• Maternal weight gain during pregnancy was substantially reduced in smokers 

• Placental weight gain was unaffected by smoking 


ir-mokl ’ii* was 
f ^ l<i Uj<:iul . 

The liY.pvruin 
.by.simply iuf*. t 


'iculhil will) a higr n winrjjy liih'ki* but a lnw**r nui'errml \*ri.i:hr gain 

I i-.'-C'j g) ’ . ” 

smoking ut» fetal giowth retardation camv.it be adequately .miugatod 


* T.ir- M'.injlod pel ttnidwi -l 1-LA-' Infants aitrlbu fable to Mucking wa.s 30.H‘.$ 


* Among smokers, cotlnine ’-els were more closely related to blrtn weight than the numoer of ciga¬ 
rettes smoked, indicating that cotlnine is a better predictor of birth weight than the reported number 
of cigarettes smoked 

» Among nciiuitnokers, the association between cotlnine levels and birth weight was not statistically 
significant after adjusting for confounding factors 

* The difference in mean birth weights between nonsmokers In the lower and upper quintiles of cotlnine 
was 9.2% 

* Any effect of maternal passive smoking was small compared with the effects of maternal active 
smoking on hirth weight 


on the growth of the fetus rather than an Indirect ef¬ 
fect through nutritional intake among smokers. 

Evidence Synthesis 

The evidence addresses smoking during preg¬ 
nancy and divers** mitromes For some nf the out¬ 
comes, causal conclusions have been previously 
reached. Most studies on the relationship between 
smoking and ectopic pregnancy have demonstrated a 


positive association, with several demonstrating a 
dose-response relationship between risk and amount 
smoked. However, the number of studies is still 
limited, and uncontrolled confounding remains as an 
alternative explanation to a causal association. Biologic 
mechanisms Include a possible Indirect causal path¬ 
way through an increased risk for a pelvic infection 
in smokers, a delayed fertilization process, and re¬ 
duced tubal motility In association with exposures 
to nicotine 
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Despite methodulogic challenges in Studying 
spontaneous abortions, most studies on the associa¬ 
tion between active smoking and spontaneous preg¬ 
nancy loss have reported increased risks For smokers 
compared with nonsmokers, and some studies 
demonstrate dose-response relationships. Animal 

rnodrb liave indicated plausible mechanisms that may 
underlie the association. 

Most studies demonstrate an increased risk for 
maternal smoking and preterm FROM, placenta pre 
via. and placental abruption. These findings have been 
consistently observed across lima and across many 
study populations In multiple countries. Also, biologic 
evidence supports the contribution of active smoking 
to these particular pregnancy conditions. 

Many studies show an increased risk of preterm 
delivery among smokers compared with nonsmokers 
even though the overall risk of preterm delivery may 
be small, with ORs on the order of 1.2 or 1.3. One ma¬ 
jor mechanism by which smoking is related to preterm 
delivery is through an Increase in the risks of 
pregnancy and/or fetal complications chat result in a 
spontaneous abortion or a medically indicated early 
delivery. 

Many studies have consistently demonstrated a 
positive association between maternal smoking dur¬ 
ing pregnancy and reduced birth weight, and several 
have demonstrated dose-response relationships with 
the amount smuked. For smoking throughout preg¬ 
nancy the effect is large, and successful cessation of 
smoking berore the third trimester eliminates much of 
the reduction caused by maternal smoking. Some 
mechanisms by which smoking reduces birth weight 
have been established. They act in large part through 
reduced fetal growth, but the association between 
smoking and birth weight also results from early de¬ 
livery. often from pregnancy complications. The bio¬ 
logic evidence supporting this causal effect Is strong 
and includes fetal hypoxia from Increased carboxyli#- 
moglobln; reduced blood flow to the uterus, placenta, 
and fetus: and direct effects of nicotine and other com¬ 
pounds in tobacco smoke uii the placenta and fetus. 


Conclusions 

1. The evidence is suggestive but not sufficient to 
infer a causal relationship between maternal ac¬ 
tive smoking and ectopic pregnancy. 

2. t he evidence is suggestive but not sufficient to 
Infer a causal relationship between maternal ac 
tivc smoking and spontaneous abortion. 
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3. The evidence is sufficient to infer a causal rela- 
tiunship between maternal active smoking and 
premature rupture of the membranes, placenta 
previa, and placental abruption. 

4. The evidence is sufficient to infer a causal rela 
Uonship between maternal active smoking and a 
reduced risk for preeclampsia. 

b. The evidence is sufficient to infer a causal relation- 
ship between maternal active smoking and 
preterm deliver)' and shortened gestation. 

6 The evidence Is sufficient In infer a causal relation¬ 
ship between maternal active smoking and fetal 
growth restriction end low birth weight. 

Implications 

The evidence reviewed in this chapter suggests 
that smoking is associated with ectopic pregnancy and 
spontaneous abortion. As both ectopic pregnancy and 
infertility are on the rise, reducing smoking among 
women intending to become pregnant is warranted. 
More studies are needed that are designed to prospec¬ 
tively assess very early Josses and lo examine (he as¬ 
sociation of smoking around the time of conception 
with types of spontaneous abortions. 

The evidence of an association of smoking dur¬ 
ing pregnancy and adverse pregnancy complica¬ 
tions, such as preterm PROM, placenta previa, and 
placental abruption, Is sufficient to warrant promot¬ 
ing smoking cessation amnng women before they be¬ 
come pregnant and during pregnancy. Werler (1997) 
noted that as much as 10 percent of abnormal placen- 
tation could be avoided if smoking during pregnancy 
were eliminated. The decreased risk of preeclampsla 
among smokers compared with nonsmokers does not 
outweigh the adverse outcomes that can result from 
prenatal smoking. 

The occurrence of LBVV could be reduced by an 
estimated 20 percent, and fetal growth restriction hy 
30 percent, if all women were nonsmokers during preg¬ 
nancy (Alameda County Low Birth Weight Study 
Group 1990: Cnattingius et al. 1993; LI et al. 1993; 
Muscati et al. 1996). The impact of smoking on these 

outcomes can be lessened if women qulc before their 
third trimester: thus, there is a need for widespread 
implementation of effective smoking cessation inter¬ 
ventions targeting all women of childbearing age as 
well as those already pregnant. 
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Congenital Malformations, Infant Mortality, 
and Child Physical and Cognitive Development 


Epidemiologic Evidence 

Congenital Malformations 

Because of the direct fetal effects observed from 
exposure to tobacco smoke, and the chemically com¬ 
plex nature of cigarette smoke, researchers have as¬ 
sessed the association between prenatal exposure and 
congenital malformations. Researchers have examined 
these associations with malformations as an overall 
group and with single malformations separately. The 
etiologies of the multiple congenital malformations 
vary widely, making the discussion of the contribu¬ 
tion of prenatal smoking to an increased risk of birth 
defects difficult overall. 

Most studies Investigating associations between 
maternal smoking during pregnancy and all congeni¬ 
tal malformations together have not found an associa¬ 
tion (Henruninki et al. 1983; Shlono el al. 198Gb; Malloy 
et al. 1989; Seldman et al. 1990; Van den Eeden et al. 
1990) (Table 5.11). One study reported an Increased risk 
only among heavy Mimkeis (Kelsey eUl. 1978), with 
an adjusted RR of 1.6 (p = 0.03) for women smoking 
21 or more cigarettes per day during pregnancy' com¬ 
pared with nonsmokers. 

Down syndrome has been consistently shown not 
to be associated with maternal smoking in pregnancy 
(Hook and Cross 1935; Cuckle ct al. 1990a; Van den 
Eeden et al. 1990, K£ll£n 1997a). Neural tube defects 
are not elevated among smokers compared with non- 
smokers (Malloy et al. 198S; Washerman et al. 1996; 
Kalian 1998). However, Kailen (1998) demonstrated a 
significant protective effect for neural tube defects 
among smokers compared with nonsmokers in the 1.2 
million births studied (OR - 0.75 [95 percent Cl, 0.61- 
0.911). 

Li and colleagues (1996) reported an association 
between maternal smoking and urinary tract anoma¬ 
lies among light smokers (<1,000 cigarettes smoked 
during pregnancy) compared with nonsmokers: the 
anomalies occurred mainly in female Infants. The OR 
for light smokeni versus nonsmokers was 3.7 (95 per¬ 
cent Cl, 17-8.6); among mothers of female infants, 
comparing light smokers with nonsmokers yielded an 
OR of 6.1 (95 percent Cl, 2.0-18.4). This study reported 
a lower risk fur heavy smokers compared with non- 
smokers (OR. = 1.4 [95 percent CL 0-6-3,3]). As an 


explanation for this dose-dependent response, Li and 
colleagues (1996) suggest that heavier smokers may 
be more likely than light smokers to abort malformed 
fetuses. Malloy and colleagues (1989) and McDonald 
and colleagues (1992) found little association between 
smoking and genitourinary defects at birth 

Castroschisls is a defect nf the abdominal wall 
closely related to the defect omphalocete thought to 
result from vascular interruption (Hoyme et al. 1983). 
findings on the association between gastroschisls and 
smoking have been conflicting. Smaller studies show 
a positive association (Haddow et ai. 1993), whereas 
must larger studies and those controlling for confound- 
ere show no association (Werler et al. 1992; Torfs et al. 
1994). 

The association of fetal limb defects and smok¬ 
ing also has been studied, One study looked at the risk 
of limb defects from maternal and paternal smoking 
and found contradictory results (Washerman et al. 
199G). Risk was elevated only with heavy paternal 
smoking (OR - 2.0 (95 percent Cl, 1.3-3.61) compared 
with neither parent smoking. Maternal smoking, even 
heavy maternal smoking, did not elevate the risk of 
limb defects; nor did having both parents smoke or 
having passive exposures at home or at work. Because 
there is no evident biologic explanation for this par¬ 
ticular pattern of association, paternal smoking In the 
absence of maternal smoking may be a proxy for other 
factors contributing to this risk. This study also re¬ 
ported that the risk of conolruncal heart defects was 

elevated when both parents smoked (OR = 1.9 [95 per¬ 
cent Cl. 1.2-3,11) (Wasserman et al. 1996). 

The most convincing evidence supports an asso¬ 
ciation between smoking and oral clefts (Saxen 1974: 
Khoury et al. 1987, Hwang et al. 1995; Shaw et al. 1996; 
Kailen 1997b; Wyszynski et al. 1997), yet not all stud¬ 
ies report an association (Shiuno at al. 1986a; Malloy 
etal. 1989; WerJer et al 1990). Studies have examined 
the association with smoking for all oral cleft defects 
and for the categories of a cleft lip with or without a 

cleft palate, and cleft palate alone. Even when sub¬ 
groups are examined, studies produce contradictory 
findings. One meta-analysis of 11 studies of oral clefts 
that compared mothers who smoked during the first 
trimester with mothers who did not smoke reported 
an overall OR of 1.29 {95 percent Cl, 1.18-1.42) fora 
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Table 5.11 Studie-s on the association between maternal smoking and congenital malformations 


Study 

Study period 

Population 

Definition of smoking 

Saxen 1974 

1907-1971 

599 cases of oral clefts 
reported to a register of 
congenital malformations 

Smoking during pregnancy: 

>5 dgarettes/day 

Kohcy (-121. 

1978 

197 4 1976• 

'•1.338 infants: J.'370 with 

ccmgrirml mulfornuiTioT'j:* 

and .2.908 r.ormnl rnnrroh 

I f if* numbei cl tajj-Hnitre’-/'.In*. • 
d'u i:ig pregnancy 

HeniaLuk; el 
al. 1983 

1967-197? 

a 

3.360 diil'lreii from a 
. register of congenital 
malformations 

• Smoking habit* were described 

in 10 categories In the question¬ 
naire 

• Different categories of smokers 
were created separately for the 
analysis 

}(<*ik .iihl 

Cross J985 11 • 

r : • ' 

I9RH mi 

;t;tri uiiilli^j>: ' 

r.’osvn svu<l'(•••' • .1 hi, 

Uft with child • r-iher 

deter r.-;, a ml H ■ .. , 

rt ildrr’T. with . . - 

- Noils (Lhoi-c w| to .lev c\r 

smoked) 

■ former smukere tit 'die linte of 

CiiriiMprii.:i • , 

■ r.nrrijnt smnkr'i.s 

Shlono et al. 
1986a 

1974-1977 

(birth defects 
"■ study) 
1959-1966 
(perinatal 
study) 

33.434 live births in a birth 
defects study, and 53.512 
live births In a perinatal 
project 

The number of cigarettes or packs/ 
day 

Kin>nry et «il. 
i<r; 

1587 

2:11 i-, ■, i-i , 

tlc-fo • •. . 11 

27 w i • ■ ii 

cb'fr i 1 . h 

iiri-c- . i . 

A.skiuj. -• -i •, dicriliHV 

lujmy . • : i . • i: i u\ 

rigi.ireiu.’j-’duv u y.o-iu. ]| 2(1. 

Malloy et al 

1989 ' 

1960-1983 

268,067 singleton births 
recorded In birth defects 
registry 

• Nonsmokers: did nut smoke 

• Smokers: < 1 pack/day or > 1 
pack/day 


"RR = Relative risk. 

'Cl = Confidence interval. 
•OR = Odds ratio. 
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Key results 

* Smoking during pregnancy was significantly more Frequent among mothers of children with clefts than 
among controls 

• Other factors associated with oral clefts in. children included parental age. socioeconomic status, threat¬ 
ened abortion (biding and/or pains during pregnancy), pelvic x-ray examinations before pregnancy, 
emotional factor;: -nid birth weight 

* Win smoked >211cigarftev'dayt • • . - md a KJi* ofabout 1.6 for congr nllal ;na!tor 

ihnn , , r _-i ini{ cumpaiuJ with vvi».:n - I 0 1 'igcLCIltd/djv '.lui.Jig pi vwjujtLy 

■ Thor ■ siyji.li'..ml uxn-ase* in risk in • mpuihilsmoking f, 20 \ lg.ii».-ite\/r.lay 

03 m >i . h v.'nrnriii who chrl uul smoke during pregnancy 

* l In*- . ■ k in h«uvj smokers could hi- ;i resnll of confounding tacmrs nr rrvponsc I jus. sn Ji:rlh:‘j' 

t*iru< ■ . icU'd H'" 1 to rent no .\ rjusci! rdaTkvn'hip hc*l w«c-n <n.itArr.al smoking .trvrl congor.tLi'. rrvtif'.c 

math,..-* ' . 

• ike- i'••'relations between maternal smoking and congenital maitormatlons were statistically nonslgnih- 
canu Lhere was a slight increase with the numher of cigarettes smoked, suggesting a minor effect 

• Women who smoked >10 cigarettes/day had a higher frequency of spontaneous abortions than any other 
group of women 


■ Tie - • ‘ .' . uHfea:;n . ■ ■ ..ccpiinn vs itii Dow sviidmiin.* w;j.\ 

0• • • ' • •• .: i!: ik-rt-.-t. .. ■ t U. 'I i) 0.9W In thecas-* normal 

• conh 1 -. •• . • _ 

4 JTiO : . osu-jiation nwv be aUiibuLablL* to a seifUlvc i‘lic< r i f'in.-l-i:igi>n virviviil. «*ti ihe 

frrrtl -»2I ganw-tns hoforr «>ncopflori, or cn survival <ji ■•2 1 ccin^epmses afiui' tmIJimotion 

« Since associations found in a single study could be the result of chance, deficiencies in study design, or 
peculiarities of the population studied, data from another study were used to check for consistencies of 
the associations Initially found 

* The associations of specific congenital malformations with smoking during pregnancy were suggested in 
the birth defects study, but the results could not be confirmed by the results from the perinatal study 

* Smoklna is unHVdy to bo response for a larpt© Increase In malformations at birth 

► Mother*: of ir font* with r,\A clelK siwxt d more during pregnnnry thiiii mothers of Infunr.s with other 
.delects ' • ' ' ... . 

4 T;i*>Uk' far rlrt't lip with o: wirhout cirli palate was 2.j'i. and ihe «. >fi for .'Ic-fr pa I ah' u.is 1 39 

* There \va\ a dose-irspo.-ise objnrinship hciwuen the daily £i*:■•■•.ni smr»kot: find th» risk of rlelting • • 

* infants of women who smoked were not at a greater risk for congenital malformations than infants of 
women who did not smoke 

* Maternal smoking appears to be a risk factor for gastrointestinal malformations, but other congenital 
malformations occur less frequently in infants of smokers compared with nonsmokers 
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Table 5.11 Continued 



Study 

Study period 

Population 

Definition of smoking 

Cuckle et al. 

J990a.b 

NR S 

462 pregnant women 

• Smoking was determined by 
cotlnine concentrations in 
maternal serum samples 
■ Maximum likelihood analysis 
was used to determine cotlnine 
cut-otT levels for separating 
smokcrr from nonsmokers 

Vaii'h-n 

J'rrien t-1 ill. 

, lun.: 

m \ me 

. Y.784 moliwrs with ^.IncsJiftorr* 
live hirih:>: 'i.lilM with a ! 
OKJv.euiiaJ xn.ilicjujtifio.-j 

-.md il-tiOO cnulrols v.'ilLu i..t 
in.jfformal mis 

. NR . ' 

Haddre'- *'1 ;i.. 

1993 

... '*•*>- 

April 1-189 

trimester vngk'lcn preii 
n^iu: ir-s 

. ... nvf' 

J oi i> c r al 
'.‘JIM 

March !y?lS— 
August IMS 

330 mothers: 1 ll’J mothers or 
(nfm'K ‘with g.istrov.hi*te 
iintl 220 <igv ijj.ju lied 
mothers nf normal Infants •' 

cl fnitk/ilay -nj-:i >1 pack'thy 

Hwang er al. 

1995 

1984-iyyz 

4b r lnranrs: by with del* 
palate. 114 with deft Up 
with or without deft palate. 

and 2B4 controls with 
noncleft birth defects 

Records on whether and how 

many cigarettes were smoked 
during pregnancy 

r.ict -il. 1936 

1990 1991 

487 ini'll>ilv 1 18 crjscri and 

169 wmirok 

Light Mi inker*. 1 1,003 cig.tnntvs 

■tsR = Data were nut reported. 
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77)e Hrrfrk Ci'inmjuenrrc; nf Smoking 


■ In pregnancies with and without Down syndrome, the 25th, median, and 75th centiles of AFP (alpha- 
feto protein) and DHEAS (dehydroepiandrosreronej were higher in smokers than in nonsmokers, 
whereas those Tor uEj (unconjugated esiriol), hCG (human chorionic gonadotrophin), and progesterone 
were lower 

• When screening for Down syndrome using maternal age. AFP. uEj, and hCG, allowance could be made 
for smoking by deriving separate medians for smokers and nonsmokere to calculate MoM values 
fmultinle of the median value in unaffected pregnancies of the same gestation) 

* i Wclcl'l ii’.l ml Cut u i-u to'. is wenifOTiMd.•«».•<. I. ltig>.'lhi.'r. 1 1 «• rv. ss iln iui ;.ixsi;c i-iiiuu wliii matt mn. Mi«.iki:.g 

• fvLile-TLi' .simkJng ivw assr-n-iatert whh Inm'a'jod risks for a uurnher of sperilV malformarlors. including 
rnKTOi.np.'kuliis (KM 2.1) lilr/.V. Cl. I.('-4.0 1 } 1 clef I del eels (Kit • 1.4 U. 1 (1-2 »];. and cl:iht£x>r 

<RR l.l [ilf.y. Cl. l.U 2*lc» J ... ‘ 

• \o ’.j.vsorlotion v.m=: found with Llir.vn -.ynd ron»c or any ntl-.rr mali'of“iar : oii • 

« Pregri.i ii women wlu smoked •.iiMii.'uus ti id .it 2.1 ■ im(.v gM a"T o'J'Kol Ini', irtg <iti iuMii wiib .in. 1 ' 
trosciils-s ih.u i :iiir:MimkMs d'r+.Cl. flh-1 

« SmoKn i] :I;U 1 fmmllns-.il uv rc»:nlnr)nl with Mnokmg <l:V.i rum rv,<> .•din sludres shown: aiiOldif I f> 
(95% Cl I 2 2.2. 


* T : 'eru was asi , . ,,,!f 
of eitliu a rci.f' .• 

* During the pi> 
STU'-'h'-’r:. oJ' -1 
pacfc/diy 1 


til 1 "in 'jf^d-stiusdusb. with a history of rjk , t'*'-v' *:•:! w.rh the"u>e 

; sol oj iuIvuIlu during ilw rrimesivr p»-• .. i*. i. v 

■i'.cr. ilk.UP* fur llie rbk ijT having an :. lI.ius for 

. i iTJc'% Cl. U,V8 2.5; and'1.77 19 5 ft U. D. * ■ d ll 


► A ger '.'-•■'iv'.ii•. [UTV-nt irUvru ricn between inlrini gt-ftor, p... *i;id main rv*l »mu>'ln.n w,u, a;sy .iaicd with 
birth ■ If-fis is aim ing ilmsu with or without a family hr-ncy iv I mill t)<‘fi < is 
* Infants ran yin.,, fhn- '"2 allele who were exposed ton''tiermil •.J iolii.i'i of Id r Ip/irettes/day showed a 
C.1G-.-M Isaim-i' In it:--ks for cleft palate only (95% Cl. t.Utl-'?4 v-'.'.llo '.UniluT infams whose mothers 

sni'jh'd •■lOi ig-mit idav showed an 8.69-fnld high*-; ilvt Cl. I jV—17 8) 

Maternal smo-cing during pfcRnapcy was nssorlsied with a twofold increased risk ol con^enruil urinary 
•r.n-t^norriallA*. in the i>(T>iprlng 

The i ir.k V.M5. hiuher a mow light ^mokeis (OR - 3 r [IW: Cl :. : ti.lj’i rhr>n amon^ hvjvy smokers 

(OK • S) ' 

rhe i: 1 I . ■ ■ - n^Cnital urijuuy ir.ici cJiL*rT»ci|j».> as.snciiiti.Td i*idi liglit Sfnohiiip ljul noi VV'iih 

■ heav - • • • .re arnr-ng famuli'[firm male off :fn mg 
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The Health Consequences of Smoking 


• The risks associated with maternal smoking were most elevated for isolated cleft Up with or without cleft 
palate (OR = 2.1 [05% Ci. 1.3-3.6]) and for Isolated cleft palate (OR = 2.2 [95% Cl, 1.1-4.5|) when mothers 
smoked >20dgarettes/day 

Cleftlng risks were even greater for infants with the transforming growth factor alpha (TGF-ct) allele 
whnse irinthers «?mnkprl >2Q cigarettes /day 

Risk of orofadal cleftlng In Infants may be influenced by maternal smoke exposure alone, as well as in 
combination with the presence nf the uncommon TGF-o: allele (gene-environment Interaction) 

Paternal smoking was not associated with defling, and passive exposures were associated Willi a slightly 
Increased risk 


• M -vii'r.ir.'ly r]> 
|p ::li lUTkU' |i. 

' Tlirrt. were no 
iih.scncr nf r^r, 
c>f mill;mol ‘•n 


■ ■ or ronomr:r:il ck'f^rl*: (l*JK • I 4 |SI?r’v t!I. 1 2.1 |j) and 

.9|J with both piircnts .smekin^ 

. j 1 .li.'iUH iruil:lies associated with maternal Mllokiug in tin- 

rm.ipu'u-i] iis> asMiJ.KctJ with pawiikil Mil-.king ml Mo nilsvtna¬ 
il • ,b tlf *rifi'.?i • ■ 


■ avwiatfd wlrh polerra! tim-kir.g. Joi conutrimial defects dilleied among racial and ethnic g-oujxs 


■ No association between maternal smoking and all cases oi Down synorome was luund lUR - O.db Ifta’fn 
Cl. 0.B6-1.U1), but heterogeneity over strata existed 

* A decreased OR (0.9] [95% CJ. 0L72-J.15J) for any maternal smoking was indicated among prtmiparous 
women blit not among multiparous women 

1 Findings indicate that no direct effect of smoking on Down syndrome risk exists, but the association 
nb.spryed in primlparous women Is attributable to rovarylng factors 

A :,hiTi?tlially signdhant .iwoal ton hotw?f-n :iicir>-rn;il i/no-dnp d,r|n; -. . ■ i • r.V was 

four d 

Tin- CR f:.'i ui.ifri tLil'iiiiuki.iu •Jffiorig Miv^i o'< Ji'li il|; wllh ur wllh .ill n«;l»Tl [►hMiIp was ).!<'• (yy.< LI, 
1.02-1.??) - • , . . • ••• 
for ras*'’ <>( ch i ft polutc alrmc thi' HR was 1 2'i (9o% Cl. 1.08 1.5-i) \ 
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Table 5,11 Continued 

Study Study period Population Definition of smoking 

Wyszynski 1966-1996 Meta-analysia of 11 studies NR 

et al. 1997 


kSllr*:'i ] 1 "t ivl Infants wil h ni-i ira‘ Mine • Norn- 

I (rtf; ■ defer t.s : 1 4 <lftripprerrr.s-'day 

* -* 10 1 ig-m:ru-M\laii 


cleft lip with or without a cleft palate, and 1.32 (1.10- 
1.62) for a cleft palate (Wyszynski et al. 1997). Recent 
studies have examined genetic and environmental in¬ 
teractions in relation to oral clefts. Two studies (Hwang 
et al 1995: Shaw et al. 1996) reported that infants who 
were heterozygous or homozygous for transforming 
growth factor alpha allele and were exposed to smok¬ 
ing during pregnancy had significantly Increased risks 
for a cleft palate of 7.0 (95 percent CI, 1.18-26) (Hwang 
et al. 1995) and 4.0 (95 percent CI, 1,7-9.2) (Shaw et al. 

1996) . Risks for a cleft lip with or without a cleft palate 

were lower, about twofold, and were only significant 
In one study where smoking alone significantly el¬ 
evated the risks of bath outcomes (OR = 1.6) (Shaw el 
al. 1996). In the other study, smoking alone was pot 
associated with either category of Oral clefts (Hwang 
et al i995). & y . J ^ ; i 

Infant Mortality and Stillbirths 

Stillbirths {feud death after 28 weeks) aud’infam 
deaths (death within the first year of life) have been 
examined in relation to smoking in numerous studies. 
These outcomes have declined significantly in Hie 
United States in recent year!, as infant mortality has 

declined from 13 deaths per 1.000 births in 1980 to 7 
deaths per 1,000 In 1998 (Guyer et al. 1999). Much of 
this Improvement befure and after 1980 has been from 
advances in medical interventions for the very small¬ 
est and sickest infants. Numerous studies have dem¬ 
onstrated associations between active maternal smok¬ 
ing and stillbirths (Meyer and Tonascia 1977; Kiely et 

al. 1986; Cnaitinglus 1992: Little and Weinberg 1993: 
Raymond et al. 1994) and neonatal and perinatal mor- 
idliiv (Cuntsluck and Lundtn 1967, Rush and Kass 1972; 
CnaLtingius et al. 1988; Malloy et al. 1988; Schramm 

1997) . Even in the face of modem neonatal Intensive 
care, numerous studies haw demonstrated Increased 


risks for neonatal mortality (death of a live-born In¬ 
fant within 28 days) (Cnatdngius et al. 1988: Malloy pt 
al 1988; Schramm 1997), with reported ORsfor infants 
of smokers around 1.2 compared with infants of non- 
smokera. 

SIDS—or sudden, unexplained, unexpected 
death before one year of age—has been investigated 
in relation to fecal exposures to maternal smoking and 
the exposure of the infant to smoking by the mother 
and others during the postpartum period. Although 
social and behavioral risk factors for SIDS have been 
Identified, the biologic mechanism is still unknown. 
Concerning smoking and SIDS, one proposed mecha¬ 
nism isfchronic hypoxia—via elevated levels of car¬ 
bon momJJtlde or reduced placental perfusion—affect¬ 
ing factors such as thp normal developrnenuof the 
central nervous system! (Bui terys et al. 199D)£Iniani¬ 
mal studies designedTrTinvestigate neurotoxic effects, 
nicotine was found to target neurotronsmitter recep¬ 
tors in (he fetal brain, leading to reduced cell prolif¬ 
eration and. consequently, altered synaptic activity. 
The cholinergic and catecholaminerglc systems and 

ileurotranemitter pathways ar e af facted acutely and, 

possibly, over the long term^JlIterations in the 
peripheral autonomic pathways rmfyiead to increased 
suareptibility to hypoxia-induced brain damaf«jtnd 
SIDS/Slotkin 1998). In a study-of newborns, tht^audi- 
tory arousal threshold for babies whose mothers 
smoked during pregnancy was grea ter.tfr ian for those 
whose mothers did not smoko (Franco et al. 1999) Stick 
and colleagues (1996) observed the respiratory fame- 
tlon of«wborns in the hospital _an<Treporter! Ipwer 
function^In infants of smokers compared with non- 
smokers. This observation suggests a fecal effect of 
smoking that continues beyond the postpartum 
period. 
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Key results 

* There was a small increased risk among mothers who smoked during the First trimester of the pregnancy of 
having a child with either a cleft Up with or without a cleft palate (OR = 1.29 [95% Cl, 1.18-1.421), or with a 
cleR pain* alone (OR = 1.32 [95% CE. 1.10-1.62]) 

* A highlv rijjjiifkaut «. J h»Lt ui'i infernal smoking on flift nu id^xuv ofucuru rlo'ivr-; Amid ■ ■tdjihrtivl 

OH - I) ,’5 1 I. fJ M ' 

* A p:: u-i five ebse ivi.pt'lie el l eu of a: nuking was indicated bui was- tier sfafMiralh \lgnillcant 


f^The dee 


t The death rate attributable to SIDS has declined 
byTHOrt; than half oveOtHFIast'twollecades:’the SIDS 
rate in 1979 was 151.1 per TOO,000'live BJctKs7anriTn 
1998 the rate was 64 per 100,000 live birthj (Guyer et 
al. 1999). SIDS lias decreased dramatically because of 
Interventions such as the "Back to Sleep" campaign - 
Implemented in the 1990s. The diagnosis of SIDS, pref¬ 
erably by conducting an autopsy to exclude other 
causes, makes it a difficult outcome tt>_study. Mofe“ 
over, studies that examine maternaljmoking during— 
pregna ncy m ay not he able tixaccount^fffr-te vels of 
postpartum tftnoking- In such stud i'esi'{Malloy al. 
1992), the risJ^tstlmatesToTmatema] smoking may.be 
underestimated, since many wumert who quit dV-re- 
duce ihe'amo unt th ey smoke during pre k tmney resume^ 
or Increase,their prepregnancy smoking levels after 
giving birth (Floyd et al. 1993; O'Campo el aTl995). 

” — Most'Studies have demonstrated that an in¬ 
creased risk t»f SJDS is associated with maternal smok¬ 
ing during pregnancy (Bergman and Wlesner 1978, 
Malloy et al. 1988; Kraus et al. 1989; McGlashan 1989; 
Bulterys ei al. 1990; Haglund and Cnaulnguis 1990; 
Mitchell et al. 1991; Schpendorf and Kiely 1992; 
MacDorman et al. 199 itf; adjusted ORs for mothers who 
smoked compared vauTnonsmokers ranged from 1.4 
to 3.0 fT«blc 5.1Z)^Some studies reported a dose- 
response relations hip ./ comparing mothers who 
smoked 1 to 9 cigarettes with those who smoked 10 or 
more cigarettes per day (Haglund and Cnaciinguis 
1990; MacDorman et al^JMT). However, because very 
few smnkers smoke only during pregnancy and not 
after delivery- it is nearly impossible to identify the 
risks associated only with prenatal exposure. Recent 
studies hayt-begun tD examine differences in the risk 
"For SIDS between infants nF women who smoke only, 
'after giving birth and infants of women who^smoke 
both during pregnancy and after delivery (Mitchell et - 
al. 1991; Schoendorf and Kiely 1992; Klonoff-Cohen 


1997). The^ Studl suggest chafvboth prenatal and 
postpart urn-exposures to tobacco smoke increase the 

risk ofSlDSJbr Infants exposed to tobacco only dur¬ 
ing the postpartum period, ORs were 2.4 (95 percent 
Cl. 1.49-3.83) for blacks and 2 2 ($5 percent Cl, 1.29- 
3.78) for whites. For Infants exposed during pregnancy 
and after delivery, ORs were 2.9 (95 percent CI;'2-.12- 
4.0/) for blacks and 4.07 (95 percent Cl. 3.03-5.4$) for 
whites (Schoendo rf an d Kie lp~T99 2). — 

In a study containing more information about 
passive exposure to tobacco smoked lonoff-'Crihen i 

(l997) repQrted a dose-response relationship for post¬ 
partum smoking exposures even aft<y_adjusting For "* 
prenatal smoking levels of the mother] With one per* 
son smoking in the infant’s room, the OR T&r. SIDS was 

3.67 (95 percent Cl. 1 66-8.13); two to four persons,_ 

smoking in the infant’sjoom yielded an OR of 20.91 f 5r 
(95 percent Cl, 4.02-108.7). These ORs should be inter *—' 
preiedcautioualy given the wide Cls. A dosc-response i f 

relationship .was also demonstrated in-this study for 
the numberof.cigarettes per day that the'Infant was 
exposedTo during the postpartum period; - 

Child Physical and Cognitive Development 

Strong associations between maternal smoking 
during pregnancy and adverse outcomes such as low¬ 
ered birth weight and IUGR have prompted research¬ 
ers to investigate the longer-term consequences of 
smoking during pregnancy on the physical growth and 
cognitive development of infants, children, and young 
adults. These studies are difficult to conduct, irv|Sart 
because of the need to consider multiple potential con¬ 
founding factors that can intervene between pregnancy 
_and die outcome of interest (e.g., family ui environ¬ 
mental circumstances). Of particular concern is the 
effect of a continued exposure to passive smoking 
in the household on the developing infant or child. 
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Table 5.12 Studies 

on the association between maternal smoking and infant mortality 

Study 

Study period 

Population 

Definition of smoking 

Comstock and 
Lundin 1967 

1953-1903 

1,113 infants: 448 live 
bom Infants, 234 still¬ 
births. and 431 deaths 

Mothers were classified as non- 
smokere and smokers (smokers 

Included those who abstained 
during pregnancy) 

Rush and K<is> 

■Mu'2 

I5t>l I9d> 

3,1’Ti'. pi eg mow woiriva 

Smoked iit Irasr l •dgairlte cteilv 

Bergman and 
Wlesner 1970 

January 1970- 
Fchruary 1974 

142 families: 56 who lost 
babies to SIDS* and 80 
control families 

* Smoking habits of both parents 
were ascertained during and 
after pregnancy 
■ Maternal cigarette use was 
classified as none, <10, 10-19, or 
£20 ciparettes/dav 

Meyer and • 
ToiuwiA 11177 

1960-1961 

51,4flf) .■iinftlclCH'i.s Jn : 

• l j Hosph»b< 

None, -- 1 pack, or ll par’* A lay 

Lnattingius et 
al. 1988 

1983 1985. 

: J X1 81)8 l» i;hv In mothers 

j.Kfi 15 44 j*rars 

\ * 

• ArmMHokv'V (fmtHimly 

Mlioktl*; 

- 1-9 cigarettes/day 

- 1 10 cigarettes/day 

Malloy i't al. 

I'tfS 

i 

lU/'-t IUN3 

30&.73V white live-burn 
\inglftrrnv* livV.Tiriw ? 720 
iiL'uul deaths 

Maternal :>nnfcjriy.srmus during 
prepr mi icy was classified ,-i.s. 
u'jnsmokeis smoked pack day 
or zl pack-■day 

4 SLD5 - Sudden ml ant death syndrome. 
"RR = Relative risk. 

“OR ~ Odds ratio. 
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Table 5.12 Continued 

Key results 



Study 

Study period 

Population 

Definition of smoking 

• Maternal smoking during prcgniincy was associated with an increased risk of death for the child 



Kraus et al. 

19S0-1966 

2, 132 Infants: 202 cases of 

- Nonsmokurs 

* Findings indicate that some characteristics associated with smoking must be responsible for increased 



1989 


SIDS’ and 1,930 controls 

• >l0cigarettes/day 

neonatal mortality rates rather than smoking perse 





who survived the first year 


■ « Many Dfthe increased hazards for children of smoking mothers appeared to be associated with 





of life 


demised birth weight 







i.'orr .. • -i i Aftican.*. i - . had a perinatal motlalilpaii 4 almost . 







• II- u.lt! U'jnsr :■ -■ 1 1 Ami-H ill UOUMiiokcra.. 'i 







AJfit ' i . • • r ■ - ji RbV-j e:o. • :■ over Airi-.sn AmerioiCLHO:ls:i»Ok<is. while . ,, 



M< Clash an 

WMtl lWtli 

live- irr,ni:\ 

Mkt**ru.il smoking tljssKiivI I'J, 

*sniT*l- i ii. .•. i • 1 . rateol 1 "A*'itinfiarwl with white rionsimkhix j 



, 1989 



*■ 10 '.it • 'i . 1 ago 

* A I'm i . • ••! r \:rliMri A rrx i r , r; j ii >vorrii*n hal into :irs ot lower hirrT vveighl. AtrlfMri : : l 






reres/ i i. . -'Tos/day 

Amt. i. i 1-.. :t gustation periods 






Foroiitli' -i .*orl!>s: 

■ ‘ ■ 






whrlli. •. .•• • t . ntiriii.llv : 

• A higher proportion of mothers who lost their children to SIDS had smoked both during pregnancy 






;> .s nirl ■■■'.• K.'ktfl 

(G1 v>. 42%)iuiiJ after their babies were btHji (59 vs. 37%) compared wfJb iiiulhejs who did uu! smoke 




1 


during; . , 1 *h ether 

• SIDS mothers smoked a significantly greater number of cigar eft e.s than controls 





. 

sliesni . 1 : •.•.• •• ..ihy'.s first 

• Exposure of infants to cigarette smoke {passive smoking) appears to enhance the risk of SIDS for reasons 






year ot Utr- 

not known 










Buitery; i-l 

Ibab-lyfeb 

2,123 inf an r. 1.93 cases ol 

Women were ckiv-il ij-d by the 

■ i . . 



al. 1990 


SIDS and 1,930 controls 

number of cigarettes/day during 

• Inrre.ivs ir mt . . . ■ aswloiPd with in m ast s in ihi fn-qurnry of early frta! death and l; 






pregnancy (0, < ID. nr >10) 

i>i neonamE dr. •, • -ure •lelivi'rv 

ft 






« Thesr rlenrhs v. • . i ■: , ih smoking related Incrrasnc In the incidence of h|iv > d'.ng during: 




\ 



prcg-Moi y. ^hniprio pliw-ntae. placcniii prcvti. .mil pieiiiHUin; iu.Iiiu:- nifiiihrani**. ’ • • 

’ 






* Smokers aged •■'l r wan had a Rk oi lale fetal deaths ranging from 1.1 lo 1.6, while liie risk ■ touhled if 




t 



the mother; wetv, aged >35 years and smoked 



H-tg’ond a;ul 

1 L-Jil.'i— 1 

2/U.93S l:ifa -, .ts swviving 

* Non ■: nondailv 

• Late fetid d.vith rates would be reduced by 11% and early neonatal mortality by 5% if smoking could be 

a 


». riatiitiKius 


thv hist v.-eek ofiile 

■ sttiukers 

elimii m('.".I fiiim the pregnant population 

V 


1 y'JO , ,. ;: ; 


■ v 

■ Moderate tmokeo: 1 k i 

* Smok ii i-: in.iy he the most Important preventable risk factor for latE fetal deaths 






, tigciretrti:.'i.by 







• lleavv irr.okeiv iLO cigtin.*ues/ 1 

■ * The H'iMH i.irioTi rif <n"oklllg was higlter with [ii/suico/iaiul deaths thin with ni'onau] deatlij i.u.lj . Med 






day , 

np' - J.01 v%. 1.IV) 


> 





- Tin; i.iiiin* vi*’•« sTf .il u«. •-.» il-cI bv Ljuse of death an'l v,jj pj.liculaily high to: resplmfory dvs- 



Ivlitcheii el al. 

November 

63 l iniai' Ls i 28 ctv-% ot 

Mataiml sutckuig a a:-, by 

i iiv 1 ’ , - i'q) ' 



1991 

1987-October 

SI US and 503 controls 

(1) obstetric records, where any 

• F'nd . i ... i - ■ i , i iIiM.lr. ain.l 1'lDS deji/is may be i elate J to the ifjYi^ivs •-m rhr infan: of 




1088 


amount of smoking was recorded 

pass: . - i. after hiith 






as *yes," and (2) parental interview 

___ .. .j:. ....--- -m 






that recorded whether the mother 







had smoked cigarettes tn the last 2 







weeks and if “yes.’ the number of 







cigarettes/day 




f_ JlaUlriLO'i*. 

tm ism? 

173.715 rmillpruu ir, Nut i ll-• 

■ Nu sriKikiup ' 




■ <m oi. \ v,>2 


women i;ged z20 vt'ans 







who delivered '■ingli-tuiL*. 

■ ••'J clC,ar. a TteVf1ay 




*SLDS - Sudden infant death syndrome. 

- - 

— 




Cl = Confidence interval. 
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Thf? Health Consequences of Smoking 


Key results 

• Maternal smoking, maternal aeniia during pregnancy, and lack of early prenatal tare were all positively 
associated with SIDS 

• A positive trend in SIDS risks with increasing numbers of cigarettes smoked during pregnancy remained 
after adjusting for birth weights 

• The unadjusted OR for maternal cigarette smukfng during pregnancy' was 1.6 (95% Cl 5 , 1.1-2.5) for MO 
cigarettes /day vs. nonsmoking; cigarette smoking was stratified under different categories for different 
analysis 

• CiR'-iu tto r .moklnfl hv parent > lending to passive exposure."; of the babyctnriud ti hijih KK r>f SIDS 
lRK-:H.h 

• 11 [le.- mjihei v.'di l h.tb.ti'idl sinukvi, lire ibkoi MDS ww wry high l.KH - 2.08.1, the risk \Vd>. also v«ry 

high if tli*' rijnih.fi MiKikt d during |iH'f.nMrii y (Kti - 3 32) • 

4 A riuse-respuiiw re la t in V'hi . Iw'lvvc-t'n rigaiviTH smokim; and fit tea if*. c. I hr* ri-n: nf SI I >S l.s Suggested 


* Infants born to mothers who smoked >10 cigarette^. Jay and who were anemic during pregnancy were at 

a higher risk of SIDS than infants bam to mothers who did not smoke and were not anemic (OR - 4.0 
[95% Cl, 2.1-7.41) 

• Smoking >10 cigarettes/day vs. none Increased the risk of SIDS by 70% among women with hematocrits 
>90%. hilt the risk Increased threefold among women with hematocrits <30% 

• A low hematocrit was not a risk factor for SIDS aiiiung uuiiMiiukere. bul became an important predictor 
among heavy smok a n; 

■ Milmiril smoking war-* tfinrigly relaleil to SI IDS even wink (Oillmllir g "or oilier risk fm lots 
4 Smokitig JV cigarettes/day doubled Lhc ri^k of Si IDS. arid smoking ,:lf.l iig*ire Ucs/day fr Ip'ed the risk of 
SIDS. oJinparcd with cionsmokcrs 1 

* Early SIDS: 7 to 67 days; late SIDS: Mi tu MS dj-ys. Logistic regression of the dUTerente Mvreen early 
and late SIDS (based only on SIDS case?) showed find miMlnrate inalenvd m nuking was fro ugly a.--.s 4 .»\- 
jh'd Willi<ul Incira.v.'d fbk u. early SIDS IKK - 1 1 [D-’.ti Cl. 1.2-2.1]) 

• Three risk factors were significantly assuoaV.'d with SIDS: maternal smoking, prone sic .•pingp-.siii ■:! 
of baby, and breastfeeding 

- The OR* associated with maternal cigarette smoking, compared with no maternal smoking, were as 

follows: 1-9 cigarettes/day. OR = 1.87 (95% Cl. 0.98-3.54); 10-19 cigarettes/day, OR = 2.64 (95%Cl, 
1.47-4.74); >20 cigarettes/day, OR = 5.06 (95% Cl, 2.86-8.95) 

* These three risk factors may account for an estimated 79% of SIDS deaths 


■ Wnnwn who wit*: nommokert and rho^c who had cohabited with the Jtiftini’s f.rhu had die lowca. rates 
ni'!jih* IVirilaid ivirly na• dontlw 

• DeLi’iiff: i illldhf;ii)ng .jnmnu null Ip-nous worrit; i vdi h urn omplii.ilis] [ji(■ g. , i»nc:r'- Ad* ,ls.m>i inie.l v.ilh 
Increased rl'-k'* i*f|;i**n inryiiirny Mirromi-*! 


I 
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Table 5.12 Continued 


Study Study period Population Definition of smoking 


Malloy at al. 
1992 

1980-1985 

2,271 infants: 757 cases 
of SIDS* and 1,514 living 
controls 

Packs af cigarctlcs/day 

Srhncndnrf 
tu id Melv 
i \m 

IW6 ’ 

= lU.tHlh hlrhs «*jid <j linn 
Inlnnt.cfoaths from a 

n.itlnnri! mate rival rind 
in hull hu'iltli survey 

* hwii:u'XfT S> , :l group* infants 
wh«s» 4 mcthiTs did not revnrl 
cigarette smrjkJn j either rfurlug 
p rrg no try or nr r ho ti m c. of the. 


survey 

P.-iV'ivi- i-xpi/suM' gi -up. cuT.m s 
wtiusi*:u<j(|»iT'i ti'imrictl stunk 
liijl iit tin- M m- of fin* Mirvey bur 
not oirltg pregnancy 
Combined '.■xpusur- group’ 
iriauis whose mothers i “potted 
smoking ai.tne Lime of (lie 
survey mid dm lug p. cgnaucy 


Little and 
Weinberg 
1993 

1980 

4,667 births: 2.832 live- 
born infants and 1,835 
stillbirths 

O 

Daily cigarette smoking during 
pregnancy (none, 1-19, 20-29, >30) 

Rayrnriiul i.-l 
id lC'M 

1 OhJ-ISS!; 

242 fuep.iuiru Jes 

v/M weeks rit'gestarioti 

In \VvHlr <*iH7ens agVd 

20 ye.-us 

Women were no?" smokers. mi inked 

1 9 JigareUes- doiv, ,.i 'n 1 UJ < iga- 
l'ettc-s/ilav 

Klonott- 
Cohen et al 
1995 

1989- m* 

401) parents of infants: 

200 whose infants died 
of SIDS and 200 controls 
who delivered healthy 
infants 

Smoking status of both parents 
and other live-in adults during 
pregnancy and after childbirth 
was ascertained to determine a 
child’s exposure to tobacco smoke 

Stick or al 
1996 

Data were 
n.t r.-pin Ltd 

500 hculLhv infants of 
iii'.jtln.'i's p.irli'.. -j,jlijip In 
.j '.ulitm 

M jfhers wi re ne ver smoke; 
m linked <10 i i:;iy. mid 

>lfl clgai"! fs/il,iy 

Mf iS -s >ud«li'u 

n jfuni ij.'.iili syndmim* 




•dfTEF/tE = Time to peak tidal expiratory flow as a proportion of expiratory time. 
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The Health Consequence* u/Sjnuking 


Key results 

- In the Misaouii study populatiun, there was evidence of a dose-iespouse ivluthii isl lip between smukiiig 
during pregnancy and the incidence of SIDS* 

• Data from the National Institute of Child Health and Human Development did not support a dose- 
respan.se relationship 

■ Neither data set supported a relationship between the age of occurrence of SU>S and smoking during 
pregnancy 

• Th h,;nefit$ of promoting smoking reduction as a means of reducing the occurrence of SIDS remains 

111 he rf«*i Hr mil ted 

>.1 Ik diet! "f SIMS wnre in;>ie likely io 1** exposed to mafenial cigarrnc smoke- uian vm rc 
Mirvivirii? infanta 

■ Alter ad 'j;.li:.g For J-niouj„iphU ris.-: Tailors, the OH foe $1L>L* among normal bin 1 ) w ig:i< iil'.inl:. «,is 
approx im.ih'ly 2 for px^iivc expo:»u.C jjiJ 'I lor combined cxpusui :•:* Ini lx*rh Mnck >it)c while inPauls 

• ITic results gt/i-J that both md pateivi? '.obavco ,mokr exposures arc asynnalnil wilh an 

Increased risk r.-l'SUjS, ami aie J'un i'ei iiitiucKiuep.is r<> er trout age smoking rrecxation among pr«‘gnanr 
wumtn and Ian:ilie.s wi:li rhildren . 


» Factuis for mothers that appeal ed to increase die risks of a stillbirth were age i35 years, black race, 
smoking up to 29 cigarettes daily, first delivery, and high body mass 

• Smoking 1-29 cigarettes was associated with an increased risk of stillbirth, but smoking £30 cigarettes/ 
day appeared to be protective 

• One possible explanation for the protective effect of heavy smoking could be that heavily exposed and 
susceptible fetuses die earlier and are lost before 29 weeks 

• Older women ■ V ■ . ‘ i 1 Y-irous women nod rlovatcd riakj of stillbirth:, 

• liiere was a do • ■ - i- ■ • i eking and flic u-.k cr stillbirth. v.:th th.* rls.t mu cus 

lik woliilriM. . i ii ! .<.) Ok -i l ? [^Unf.'l. 1.02-1 i.: 1-10 ciguiv'.u.-* 

OK 1.6 .IK'*. l.l-::,.. 

» ( he nsNifc i:Uj:ui •xivveen smoklny ■ ■ . xpLiiiivd erinri'ly by the higher trie Kl-'fjr:*r of growTo' 

■ • r«-n-iiflnllnxi'ni<l pbii r-niul vt>mplii ■ • - • , . 

• Inlants who died trom SIDs were significantly more iikeiy to be exposed to passive smoke from the 
mother (OR = 2.28). father (OR = 3.4b), or other Jive-in aduJts (OR = 2.18) than were control infants 

• A dose-response relationship was observed indicating an increase in the risk of SIDS associated with an 
increase in the child's exposure to tobacco smoke in the first year of life 

• Breastfeeding was protective against SIDS among nonsmokers (OR = 0.37) but not smokers (OR -1.38) 

• In ill (to Miifske nx [insure. ;i .. if asl'ima. ;nil m.-tlHinnl hyi >hi Irnsinn t luring pregnancy wmv 

• . ’ ■ : ■ '• • • 1 • . .. .in after birth 

• ..i.. ■ i :• jo.ts hip r>f matern<:! s;nuhiug on rl*I l.l /‘l.': Inlanr.io: ir.-rthcr* 

.... I ■: ... = .vise :m.u> .i:i*i i:lfu.U-. ol’ :o:is.r.oki:v. n>.,tl.M , liwri 
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Table 5.12 Continued 

Study Study period Population Definition of smoking 

MacDorman United Linked birth and death * Nonsmokcra: nonduily 

et ul. 1997 States: records for more than smokers 

1990-1991 I million infants * Moderate smokers; 19 

cigarettes/day 

Sweden: • Heavy smokers: £10 cigarettes/ 

1983-1992 day 

Si hi.-inun 1978-1990 1/6 84.1 wo-.irn Wnmcn were askec if they used 

ijjp" .lobai.ru during prctpjJJLV Ives.'.'in) 

•ircl llir .■jmiV.jri oh igaicites/day 
IP, '.r |K4ik -■! J.ii'.i.-K? 


‘ML>o Sudden infant death syndrome. 


Although rates of reducing anil quilting smoking dur- growth of approximately 15X200 seven-year-olds and 

ing pregnancy are substantial, many women (approxl- reported that maternal smoking during pregnancy fP- 

t mataly 70 percent) resume smoking once their Infant suited in a 0.6 cm reduction in height after accounting 

is delivered (USDHHS 2001). Overpeck and Moss for social class, birth weight, and gender. In a large 

^ (1991) studied maternal smoking during pregnancy birth cohort. Rantakallio (1083) observed a 0.4 to 0.6 

and the exposure to secondhand smoke of children cm reduction in height at 14 years of age In children of 

aged five years and younger by mothers and other mothers who smoked compared with children whose 

household members, and found th<K;only 1.2 percent mothers were nonsmokers. Neither study adjusted for 

of children were exposed to tobacco smoke prenatally postpartum smoking. Barr and colleagues (1984) ex- 

t - but not postpartum. Thus, a comparison group of amlned associations between maternal smoking dur- 

infants who had been exposed to smoking during ing pregnancy and infant size at eight months (weight, 

\ pregnancy but not after delivery is rarely available. length, and head circumference) and reported no dif 

1 making it difficult to attribute any Observed effects to Terences between infants of smokers and infants of 

, prenatal smoking alone. nonsmokere. Fox and colleagues (1990) examined the 

The mechanisms by which maternal smoking growth of children at three years uf age in relation lu 

during pregnancy may lead to compromised physical prenatal smoking; after adjusting for multiple rem¬ 
and cognitive development are not clear. However. founders including postpartum smoking, they found 

regarding cognitive development, effects of smoking. no differences in height and weight. In a study of 2,622 

and nicotine in particular, on central nervous system children, Eskcnazi and Bergman (1995) found that 

development have been proposed. Alterations in the pregnancy serum cotinine levels when divided into 

peripheral autonomic pathways, mentioned earlier, low, medium, and high tertiles were associated with a 

may lead lu an increased susceptibility to hypoxia- -3 cm, -3 cm, and -8 cm reducLiun in the heights, re- 

induced short-term and long-term brain damage spectlvely. of children of mothers whn had smoked 

(Slotkin 1998). during pregnancy compared with children of non- 

Several studies have examined the association smoking mothers. These authors reported that this ef- 

bctween prenatal maternal smoking and subsequent feet was largely due to a prenatal exposure rather than 

physical growth of the infant or child, with mixed find- to a postpartum secondhand smoke exposure, 
mgs (Goldstein 1971; Rantakallio 1983; Barr et al. 1984: Studies examining associations between mater- 

Fogelman and Manor 1986; Eskenazi and Bergman naJ smoking during pregnancy and the child’s cogni- 
1995) (Table 5.13). Goldstein (1971) observed the five development also have reported mixed results. 
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Tbe Health Canaan tores of Smoking 


• There was a strong association between maternal smoking and S1DS“ for mothers who Stnoked 1-9 
cigarettes/day during pregnancy compared with nonsmokers (adjusted QR = 1.6-2.5). and For mothers 
who smoked >10 cigarettes/day during pregnancy (adjusted OR = Z.3-3.8) 

• SIDS rates Increased with the amount smoked For all L jnd Swedish racial and ethnic groups 

■ Smoking is one of the most important preventable risk 1 j.Ltors for SIDS, and smoking prevention 
praams have the potential to substantially lower SIDS mfrs 

* The hit of low bjrlt v.«iglit liii the wuond pirgi.. till y I IIH»| Mini wiilm.n smoking dm :hk t-ilhci pieg 

nanrv Wiii 1 U- Itu tliOSt who smoked during 'lit; xcrnrid nrrjtn.infy rnty and 1.S j fo r those whr. smoked 
dining tMirh [5ivt>.n.nicif*>.' 

* Hjh highest risk ol'lrtal trnrta icy IKK - J./H) rn -'iirrorl amonr; ivothers who d d nor smoke during (In' 
'■I'M pregrtaw.\ '.lit ivho smoked ■* ( pack..-'■ fay doriig rha •V'Civid |ir< ijriurny 

■ Wo:ntu will] til*' lliglusf RR fl .Ml for neunalnl d.villi'. wen- ||io:-r wh .• reduced tl rii Mlnikiuy d..i Ing lire 
scl 0"d pJCytusmv bin tlid :m* slop 


Several studies reported associations with smoking 
during pregnancy and subsequent cognitive develop¬ 
ment, behavioral outcomes, and educational achieve¬ 
ments of infants and children of varying ages 
(Rantakallio 19B3; Nacye and Peters 1984; Sexton et 
al. 1990) (Table 5.13). Many studies adjusted for 
several potentially important confuundens, and six re- * 
ported a duse-rcspunse relationship (Fogelinan and 
Manor 1988; Weltzman el al. 1992: McCartney et al 
1994; Fried et al. 1997, 1998; Obel et al. 2998) (Table 
5.13). The outcomes examined in these studies were 
babbling abilities in eight-month-old infants, perfor 
mances on standardized tests of cognitive abilities In 
school-age children, auditory processing in school-age 
children, behavioral problems as reported by parents 
and teachers, and educational achievements nf young 
adults. A few studies had Information on both pre¬ 
natal and postpartum smoking by mothers and par 
ftnts; two of these studies reported that a prenatal but 
not a postpartum secondhand smoke exposure was as¬ 
sociated with adverse ouicumes (Weitzman etal. 1992; 
McCartney et al. 1934). Yet, in both sLudles, prenatal 
and postpartum smoking was significantly associated 
with adverse developmental outcomes. Many studies 
examined multiple outcomes, and not all were signifi¬ 
cantly associated with smoking during pregnancy. 
Overall, observed differences between smokers and 
non-smokers were relatively small. 

Three studies reported no association between 
maternal smoking during pregnancy and adverse cog¬ 
nitive or behavioral outcomes (Fergusson and LJoyd 
1991; Baghurst et al. 1992; E$kena 2 i and Truptn 1995). 


Fergusson and Lloyd (1991) studied children aged 12 
years and adjusted for several potential confounders, 
including postpartum smoke exposure. Once con- 
founders were accounted for, no differences between 
children of mothers who smoked and children of 
mothers who did not smoke during their pregnancies 
were observed. In a study of more than 2,000 five-year- 
old children, F.skenazl andTrupin (1995) found that 
arrive smoking during pregnancy did not result in cog¬ 
nitive deficits in children according to results from the 
Raven Coloured Progressive Matrices Test and the 
Peabody' Picture Vocabulary Test at five years of age. 
Thus, studies on cognitive development and behav¬ 
ioral problems report small or no differences among 
children uf pregnant smokers compared with children 
of pregnant nonsmnkers Confounding hy unmea¬ 
sured factors cannot be ruled out as an explanation 
lor the small differences, which may not be clinically 
meaningful. 


Evidence Synthesis 

The evidence on the relationship between ma¬ 
ternal smoking during pregnancy and congenital 
malformations Is mixed. Most studies report no asso¬ 
ciation between maternal smoking and congenital mal¬ 
formations as a whole. This finding is not unexpected, 
as it is unlikely that smoking during pregnancy would 
be linked to all of the multiple etiologic pathways in¬ 
volved In tlte various malformations. 
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Table 5.13 Continued 





Study 

Study period 

Population 

Definition of smoking 

Key results 


Rauman et 

I9GIM9G7 

19,044 children bum to 

* Whether the mother or her 

• Nonsmoking mothers had children 0.6 cm taller than those of heavy* smoking women 


al 1991 


women enrolled in a health 

husband smoked cigarettes at 

* If birth weight is excluded from the analysis, the difference in height between the two groups rises 




plan 

the time of the examination 

to 1.0 cm 




* Average number of cigarettes/ 

* Smoking during pregnancy' influences heighr partly hy lowering rhe birth weight, and pertly hy an effect 





day by both parents 

over and above its effect on htrth weight 







[''ergussun 

NR 

A biiill 1 'jburf of r.’iifili-n 

Mart'irial ngairuesmoking*lining 

• Clii.di'‘n<>f ‘irnnkr-rj wore more pro/u: '<> :-t=ipimt-.:ry dj:v.u:n:s, wen shtnlrr. imil did not pcifon* as well 


and Lloyd 

1 

follow! if fm 12 VMI.S (1 KOS 

jjiL'fciuuicy i\iii iiicosuj v.l l>> <i i'i 

in schon] corn no rr-d wlrh ri.iriiroJ^ • ' ; ' 


1991 


al LurtJj. JLx!uL<.-d lc J at 

■ L-v Ll/ miJ typifdJ JjI ! v livV-relT t- 

• S::mk1i'ig iiiOtinn > dilf'.-xed from ennrrnls in social rlass arid hr-alt- status ami v.'-'n- innn 1 ciffr-n 




'.2 vi'ii:’. due to attrition) '' 

■jm: lor cjcIj trimcM* r (0. I 10. 

ujicui|iloyi'd cirnl wj.I nnn no ilir^s i'.vi.n when i hesr- factors w> i o- C‘kiT. into o'-roun - ni.iii'rnnl 
.smokin-j h:*i ml evert ml ffi •» ••;il I'lrr n <; physir.il .inH -nr nf.ii dr-vr lopmcnr 





1 ' -aj 

• Maternal smoking during pregnancy was not significantly related to infant size at 8 months 


Baghurst et 

May 1979- 

548 children from a cohort 

Nonsmokers had never smoked. 

• At htrth, nicotine exposure was more strongly associated with infant size than was alcohol exposure, but 


al. 1992 

May 1982 

study 

or had smoked no more than five 

by 8 months most of die nicotine effects had dissipated and alcohol, not nicotine, remained significantly 
related to infant size at 8 months 



cigarettes during the pregnancy 



♦ Hy.if-i'.iriiviiy. si km ! aiienll- ti span. ,nii lower srociv; oi w-liin^ and rending rr^rs nwr iri«ir* h ^ijiient 
for rlil.di^n whose :iintlK*rs li.nl miuA,-,* ilmiughuuf prog i;i uv 






* ogi, ■ • : ' •. ■, i i;hlev' i ment rr.^t scon-s only L'to 4):'i lower in children-whObe 


VVHU ii/iii 

1S75M.986 

NR . •• 

* Mull-i (ud smoking siaLus 

inr.f!, 

! 

t.-i .il. i 



•:1 pat k''d«iv ol L‘l pack/day 

* Fl'OiI • • . . : i •• i 'i : oral ahnonnaltries in rhlld r^n. nr snK>ko7S * 

) 




* f hlidren> exposure: prenatal 
only (morlier smoked only 

* There was weak evidence for a relative. <*p between smoking during pregnancy and self-reported 





during pregriarif-v> 

heights of the offspring after several confounding variables were controlled for. but the article does not 



t 


■ Passive- onl\ (mollier sctioked 

specify if the offspring are shorter or taller 





onlv afic-r pregnancy) 

• The average difference In height between children whose mothers smoked £20 cigarettes/day during the 





• Pirnahil plus passive 

second half af pregnancy and those whose mothers did not was 0.93 cm in moles and 1.83 cm in females 
■ The relation of smoking during pregnancy with educational achievements of the offspring, measured by 


rergusson 

1977-1992 

1,265 children 

■' During pregnancy: mean 

the highest qualification achieved, was strong after controlling for confounding fartnrs ' 

\ 

et al. 1993 



number nf cigarettes/day during 
each trimester 

• Criildivn whose: rnoi-mrsfiu:! sui n .-.-1 '-irh thr.v whnte mothers continued to snin-ie per 





■ After pregnancy: estimated 

Icwine:!J Tbilisiirally slgmficar ■ . m 1 . ( . ogrtltlve 





average daily cigarette use of 

* StatlsMcal ailjusiTnrnts t i •• i • > actors duiuCt0O : . lies ol thuchild. oikI low.: man.rltv did ivjt 





the mother from the child’s birth 

ar.-ni nt i*>r di >*j:- nhsor. .1 • i .. 





to 5 year's of age 

■ findings suggest That c t i ri • - i-t tM'crjinin.j.p:>gn«Mil hmv pn*vcm snrnr- logmiise Mh n> [ 

the ferns 1 , } 


Old:, ir a] •: 

•\-ii il 1978 

*.0C families- mufflers and 

Maleir a' prernlal s miming 

1 


,'J l :94 

.September 

: (he?r chi Jure rr 

« ?as.viJled Itv rix .in. lies smoked-' 

, 1 . :" . ;' " 1 . 
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7 lie Health Consequences of Smoking 


• Parental smoking was associated with children's peifunuance un at leasL one cognitive measure, and the 
effect persisted after the inclusion of controls 

• < I nldrenof parents who were smokers but had quit by the time of the examination performed better than 
children whose smoking parents continued to smoke 

• There was a dose-response relationship between parental smoking and cognitive performance 


■ Children whose m'.'lhf • 
;;ilelhgi*i.i.i.\ i«\i<llrig. ;n- 

■ After .iflJ.:MJ/ijL'lb:'rnn 
smo- * . i I i i 


■ preg:i?iiiry sentr-d v.gniflrani 

'Ilily Cll-.i:i child!i -11 w;iu 5 ,i' hi 
fh-.TC' no deh-fijbl'- rr-. 

ye imiivrI >'f lee: nu r'lildrvn 
iviis. l |!T *'iil frtrn svhiih 


1 rHi/ni T»’.v\ of 
<ki 


<mlive abililv, whilh imiyI if 
I(Ij i'n f. orr.ir 


► Differences In mean developmental tesi ores betw^u hi'dren whose mothers smoked and those 
whose mothers did not smoke differed slightly 

1 The results were not statistically significant when adjusted for socioeconomic status, quality of home 
environment, and the mother's intelligence, suggesting that social and environmental Factors are major 
confounders of the association between exposure to maternal smoking and neuropsychological develop¬ 
ment in childhood 

1 Children's be - . • * »- ..- • v ■ :.CT.-Mjvurestomuiernalcigarette smc.klng. with 

evidence sug^ • i • • v i i .. • ' 

; Children who •< '..••• . I i< ■ i if'frrprc^na:H'yhaJl.I7addilU>n:iliiinblvni:,n.Y.>uci- 
.irrd with smoking <1 priek/day ,ind 2 01 add h iosial problems jiuWla T * < • l p?.rk./day 

1 Chllr.ieu wtiOM* ir.ritheis smoki-d - 1 pack 'd.iv uin> 1.41 titr.es as llkel ... liVviavior \<roh. 

lom scon's and T.,14 nnw-c .is llkoly iftheii'mothers smr^kfid I park'tii ■ ,i.< f< . . after prognanev 


• Children whose mothers smoked >20 cigarettes/day had mean problem behavior scores between U 16 
and 0.56 standard deviations higher than those of children whose mothers were nonsmokers 
1 Smoking after pregnancy was not significantly associated with Increased rates of childhood problem 
behaviors 

■ Smoking during pregnancy may be associated with small but detectable Increases In the risks of problem 
behaviors in childhood 


Children whose inrjlher*, smciktal '• 

were l/H prints lower (Sl.b'V C j . - ■ 

prcpjmnry ( , 

■ The griMTC.s - cllffrrcr.co In rhlltlrV 
ifir end of pregnancy 

MrUr-jiidl i If'itrcllc: '.llirlii,? J>r-j*n 

*rvir.g children'' 


!• ' y during pregnan^/ had irltr'ln Jua! rest scort-s ihat 

■ <nw r.'f rhdiJjvn whr«o rru.'lhrrs (hrI rv-r .sjni.'kr during 

.ctioning was found in cigarette smoking measured o: 

itry .i ■ 111 1 c11)i ii.sk ti.-i i n un id»:vuli roini'dl.i I mi [i.-t li mcir. . 
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j able 5.13 Continued 



Study 

Study period 

Population 

Definition of smoking 

Eakenazi and 

1964-1967 

2.622 women enrolled in a 

• Nonsmokers: women who had 

Bergmann 


children's health and 

never smoked or had quit before 

1995 


development study 

pregnancy 

- Smokers: numberof cigarettes/ 

day (0.1-9. 10-19. 20-29. >30) 

LVemiri 'n'.' 

J •/'(; i 11*7 

2 CM rhildn r, ;n; ■<! S v.mi*. 

XR 

It „pi)i I'jyj ' 

/ 

(rriiri n chllrht n s heidf' arid 
develop mem stud} 


Fried el al. 

1978 

131 children aged 9-12 

* Smoking during pregnancy was 

199V 


years with ascertained 

measured by nicotine scores 



prenatal exposures to 

(average number nf cigarettes/ 


. / 

marijuana and cigarettes 

day multiplied by the nicotine 
content of the specified brand) 

- Categorized as nonsmoking, 
light, or heavy (0 mg nicotine/ 
day, >0 but < 16 mg nicotine/ 
day. and ZlQ Jiignlcollifti/day, 

*16 mg nicotine /day = approxi¬ 
mately 1 pack of cigarettes of 
average strength) 

nhi-| ft al 

i«91 j y!>2 • • 

?.,302 single!oris without 

* \'ur . . 

lli<)K 


any <*1 sal •'.lily h"<rn ;:f o 

• 1 -9 ngaiviiH'Mil.HY 



.huvjital In a l voar period 

■ 10 13 ngcuviiiTs/ikiY 




* t/l’C cifcare«w>/<Uv 

Koknanson 


250 .ikngiotons aged 2-4 

- Maternal smoking during 

et al. 2002 


months horn during study 

pregnancy (yes/no) 



period 

■ Maternal exposure during 
pregnancy to others who 
smoked (yes/no) 

'OR = Odds ratio. 
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7 he Health Consequent? of Sjnoicfog 


Key results 

- Children of mothers who were heavy smokers during pregnancy were shorter at 5 years of age than 
children of nonsmokers 

• The effect appears to be attributable to in utero exposure rather than postnatal secondhand smoke 
exposure during early childhood 

• The study was not able to demonstrate whether women who quit smoking during pregnancy can 
prevent long-term sequels on growth 

■ t hrlrh-u udioit mothers ifnobiti'during i-rtxrtunty held vjrncwh.it higher adjuster! iiavc;i and id 1 Vi 

ih. I njgmcivo tkvc'oi'Tncnii sriircs than ctiildron ol t in :i smoke i?;, ahhujph thev did not differ in 
: aciniiv U- vi :1 

• Children will) WI.II-e.tposud rii’ml'Ji.m si uiUlcIuiJ iijj duUlboo-.l hiuJ lo'.vi i .idjuM-d R;iv*mi citd ITVT 
'M r- n-; find wi.-rv r;:r-’H tti ire arrive liy ihcir nirit-rrv; ihi : dlfFcrrfires may he ntfriliurrd hi imronrniJIi d 

coiiF: undine* nf.'atrioht-iuiviriral farlors 

• The- fHwsih lity rh.it *■.<*<- .-.nd■‘.and smoke r.mn-te exposure during childhood 'nay h»' mom b.nrvdous to : 

niumcIcwr-lopJTwnr fha« pn i i-Xf.'O.il Jrc ran not br ruled nu' 

■ There was a dose-dependent relationship taetween prenatal cigarette exposure and lower language and 
reading scores of the children 

• Maternal exposure to secondhand smoke durfng pregnancy had no effect on either reading or language 
outcomes, whereas the child's exposure to secondhand smoke adversely affected language but not reading 


* "hun! was ii du.it- i i-sfioiLv: iisvirlati'-’n hrlwctn • rir iiuniiirr oftigjircims/tLiy duii.’ig prcgnuricv a:id 

hitihliug iihUiti-sof Iti’.iiiis . • 

* Smoking > HI dgurrtti'.s/diiY during pregnancy almost doub'ml lh<: risk UJl<‘ 111) |Mb% l'l. 1.1 li.hl I oj 

l-Jw inf/ml'i I'M't/ig u rroTib/jlrMrr.t/ St T,eri ths of u%r ,; /hr. rj.s* vv/x:v higher fur chi l the a wilt; ivtfrc; l.-j?:u. , it/rrl : 

For li-.s than 1 months (OR ? 7 (95% Cl. 1-3 5 «1J 

* tniams bom to smoking mothre*. had a higher trequency ot low burn weight tp = U.U4L) 

* Smoking during pregnanry was significantly associated with the Infant's intensity of rearHnns 

(p = 0.0039) 

4 There was no significant association between smoking during pregnancy and Infant activity, rhythmlclty, 

approuchability, adaptability, mood, persistence. distractJbillty, end threshold 
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For selected malformations, oral clefts in particu¬ 
lar, several studies have reported positive associations 
with smoking. The biologic evidence on the etiology 

in general for oral clefts' is scant, therefore making It 
difficult to establish a causal role oF smoking. Recent 
studies on interactions between genes and the envi¬ 
ronment are contributing further to understanding the 
etiology of oral clefts and the role of smoking, but much 
work is still needed. 

The data on maternal smoking and elevated rates 
of SIDS are abundant and consistent i» the literature. 
However, evidence is not available to determine 
whether prenatal smoking alone is causally related to 
SIDS. Studies have demonstrated that prenatal smok¬ 
ing combined with postpartum passive exposure el¬ 
evates the risk beyond that Tor a passive exposure to 
smoking alone. Some data on biologic plausibility are 
emerging. One hypothesized mechanism Is that expo¬ 
sure to cigarette smoke during pregnancy has effects 
on the fetal respiratory system and the brain that may. 
in turn, contribute to SIDS. 

Studies examining relationships between mater¬ 
nal smoking during pregnancy and subsequent physi¬ 
cal growth of the child report mixed findings. More¬ 
over, the magnitude of reported differences between 

children of smokers and nonsmokers, especially for 
physical growth, is extremely small. Information on 
liie mechanisms by which the physical and cognitive 
development of children are affected by exposures to 
prenatal smoking Is not available'and potential con¬ 
founding is a concern. / * •■ 

Conclusions 

l. The evidence is inadequate to Infer the presence 
or absence of a causal relationship between ma¬ 
ternal smoking and congenital malformations in 
general. 


6D0 Chapter 5 


2. The evidence is suggestive but not sufficient to 
infer a causal relationship between maternal smok¬ 
ing and oral clefts. 

3. The evidence is sufficient to infer a causal relation¬ 
ship hetween sudden infant death syndrome and 
maternal smoking during and after pregnancy. 

4. The evidence is inadequate to infer the presence 
or absence of a causal relationship between ma¬ 
ternal smoking and physical growth and neuro- 
engnitive development of children. 

Implications 

Mothers who smoke increase their children s risk 

of SIDS substantially; smoking during pregnancy and 
after the child's birth should be a target for forceful 
and effective interventions. Future studies of smok¬ 
ing and congenial malformations should selectively 
build on the accumulating evidence of rhe few mal¬ 
formations for which there are elevated risks. Although 
further studies may elucidate the relationship between 
prenatal smoking and the risk of SIDS, and subsequent 
physical and cognitive development, study design Is¬ 
sues may be too challenging to overcome. Specifically, 
the challenges are the identification of a sizable group 
of infants who are only exposed prenatally and the 
ability to adjust for the multiple confounders that may 
intervene between pregnancy and infant or child out¬ 
comes. 


Source: https://www.industrydocuments.ucsf.edu/docs/zkmj0001 
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The Health Consequences oLS making 

Conclusions 


Fertility 

1. The evidence is inadequate to infer the presence 
or absence of a causal relationship between active 
smoking and sperm quality. 

2. The evidence is sufficient to infer a causal relation ¬ 
ship hetween smoking and reduced fertility in 

women. 

Pregnancy and Pregnancy Outcomes 

3. The evidence is suggestive but not sufficient to 
infer a causal relationship hetween maternal ac¬ 
tive smoking and ectopic pregnancy. 

4. The evidence is suggestive but not sufficient to 
infer a causal relationship between maternal ac¬ 
tive smoking and spontaneous abortion. 

5. The evidence is sufficient to infer a causal rela¬ 
tionship between maternal active smoking and 
premature rupture of the membranes, placenta 
previa, and placental abruption. 

6 The evidence is sufficient to infer a causal rela¬ 
tionship between maternal active smoking and a 
reduced risk for preeclampsia. 


T. The evidence Is sufficient to infer a causal relation- 
ship between maternal active smoking and 
preterm delivery and shortened gestation. 

8. The evidence is sufficient to infer a causal relation¬ 
ship between maternal active smoking and fetal 
growth restriction and low birth weight. 

Cnngflnjfg! Malformations. Infant Mortality, anil Child 

Physical and Cognitive Development 

9. The evidence Is inadequate to infer the presence 
or absence of a causal relationship between ma¬ 
ternal smoking and congenital malformations *n 
general 

10. The evidence Is suggestive but not sufficient to 
Infer a causal relationship between maternal smok¬ 
ing and oral clefts. 

11. The evidence is sufficient to infer a causal relation¬ 
ship hetw**en sudden infant ilesith syndnr>me and 
maternal smoking during and after pregnancy. 

12. The evidence Is inadequate to infer the presence 
or absence of a causal relationship between ma¬ 
ternal smoking and physical growth and neuro- 
cognitive development uf children. 
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